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INTRODUCTION 
The River Basin Setting 
The river basin designation is often a convenient delineation 
for considering water resource development. This method of regional­
ization was used by the U.S. Senate Select Committee on National 
Water Resources (33, p. 23), where the continental United States was 
divided into 22 water resource regions which constitute major river 
basins. A modification of these 22 regions into 17 regions, still 
using hydrologie boundaries, was made by the U.S. Interdepartmental 
Staff Committee of the President's ad hoc Water Resources Council. 
This regionalization is being used by Federal agencies for comprehensive 
surveys to determine water and related land resource development poten­
tials throughout the United States. These comprehensive surveys are a 
coordinated effort of the Federal agencies involved in water resource 
planning and development. 
The river basin delineation as the regional basis for land and 
water resources provides an accounting unit for the water resource 
base. The total inflow, outflow and thus the net availability of water 
for the region is more readily determined. A regionalization including 
only part of a river basin may encounter serious problems in determin­
ing total availability of water to any segment. 
Since the formulation and implementation of many water resource 
development programs use a river basin framework, it follows that 
economic analyses and appraisals would be oriented to the same 
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framework. Economic concepts and standards of evaluation for river basin 
or multiple purpose water resource development programs are described 
in the publication of the Sub-committee on Evaluation Standards (35) 
which was devised as a guide or handbook for economic analysis of river 
basin projects. Other notable works dealing with river basin or regional 
water resource development include "Multiple Purpose River Basin Develop­
ment," by Krutilla and Eckstein (15) and "Design of Water Resource Sys­
tems," by Maass, e^ (17). 
There are limitations in using a river basin designation; however, 
some limitations are inherent in any regionalization to analyze resource 
use and development. The flows of goods and services, or economic ac­
tivity in general, seldom coincide with physical, political or other 
institutional boundaries. On the other hand, the availability of sec­
ondary data germane to economic analyses is generally limited to some 
level of political entity. If a regionalization were attempted based 
upon economic activity, the complexities of data collection and para­
meter estimation concerning primary, secondary and tertiary activities 
would add to the problem of analyses. Therefore, a river basin designa­
tion would, generally, have no greater limitations than other regional-
izations and would seem superior when considering water resource develop­
ment. The United States Senate Document 97 (34, p. 3) lends support to 
river basin planning with a statement as follows: 
"River basins are usually the most appropriate geographi­
cal units for planning the use and development of water and 
related land resources in a way that will realize fully the 
advantage of multiple use, reconcile competitive uses through 
choice of the best combination of uses, coordinate mutual 
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responsibilities of different agencies and levels of govern­
ment and other interests concerned with resource use. Plan­
ning use of water and related land resources, therefore, shall 
be undertaken by river basins, groups of closely related river 
basins, or other regions, and.shall take full cognizance of 
the relationships of all resources, including the interrela­
tionship between surface and ground water resources. Despite 
this primary confinement to an area, the fact should be recog­
nized that such planning also requires consideration of perti­
nent physical, economic, and social factors beyond the area." 
This statement provides a setting for analysis of water and re­
lated land resources within the river basin framework. Strict adher­
ence to hydrologie boundaries is not a necessary condition for economic 
evaluation of water and related land resources. Four major considera­
tions should guide a regionalization designed to analyze resource use 
and development. It should provide accounting units that will (1) 
facilitate economic analysis, (2) permit development of reliable coeffi­
cients, (3) permit aggregation or disaggregation to appropriate plan­
ning units, and (4) facilitate achievement of study objectives. 
The General Problem 
The development of water and related land resources of the United 
States has received Federal stimulus and support since early in the 
19th century. Some of the more significant legislative actions start 
with the Rivers and Harbors Act of 1824 as an aid to maintaining the 
Mississippi and Ohio Rivers in .a navigable state. The Federal Govern­
ment became involved in flood control in 1879 with the establishment 
of the Mississippi River Commission, charged with preparing flood con­
trol plans for the lower Mississippi Valley. Irrigation development 
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was initiated by the National Reclamation Act of 1902. Although this 
program provided for power plants to be used in pumping the water, 
power per se did not receive Federal attention until the Federal Water 
Power Act of 1920. 
The National Flood Control Act of 1936 marked the entry of the 
Federal Government into a nationwide program of flood control, with the 
major costs to be borne by the Federal Government. The extent of the 
Federal Government activities in a nationwide context was broadened by 
the Watershed Protection and Flood Prevention Act of 1954. This act 
permitted the Department of Agriculture to cooperate with local inter­
ests in the development of small watersheds. Stream pollution problems 
became a part of the over-all water resource considerations with the 
enactment of the Water Pollution Act of 1956. 
This brief resume highlights the initiation and extent of Federal 
Government activities in water resources; from small watersheds to major 
river basins encompassing the United States, and including navigation, 
flood control, irrigation, hydroelectric power, stream pollution, and 
other water use problems. The report of the U.S. Senate Select Commit­
tee on National Water resources (33) and the report of the Sub-committee 
on Evaluation Standards (35) are two examples of policy guides which 
have emanated from the Congress and Federal agencies charged with re­
source planning and development. These were aimed at improving the 
economic evaluation process and fostering a more coordinated development 
program. Despite these efforts at coordination, there has been evidence 
of apparent conflicting policy goals between agency programs. For 
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example, there has been a concerted policy of the U.S. Department of 
Agriculture to reduce the annual output of certain commodities in re­
cent years, mainly by use of acreage controls and land retirement 
programs. At the same time, there have been Federal resource develop­
ment programs such as reclamation projects bringing new land into 
production which have contributed to increased agricultural output. 
It might be pointed out that not all resource development projects 
have increased the output of agricultural commodities currently in 
surplus. 
A lack of coordination has existed between and among Federal 
agencies. State agencies, and other groups responsible for planning 
and development of water and related land resources. A specific pro­
gram or project may be planned independent of other potential and/or 
planned programs or projects, when the economic impacts are in fact 
interrelated. This deficiency may be engendered by interspatial or 
intertemporal conditions. An example of interspatial deficiencies may 
be illustrated by the development of a small watershed program carried 
out by a local organization with assistance from a Federal agency. A 
portion of the benefits attributed to the watershed program could be 
flood protection provided to land used for agricultural production with­
in the hydrologie boundary of the watershed. Concurrent with this pro­
gram there could be a river basin flood control program planned by an­
other Federal agency, which included the watershed unit as part of the 
river basin. The economic evaluation of the two programs would not be 
adequate unless the impact of the flood protection provided by the 
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watershed program was included in the evaluation and planning of the 
river basin program. A specific example of an interspatial deficiency 
is contained in the report of the Missouri Basin Survey Commission (25) 
in connection with the Salt-Wahoo Creeks in Nebraska. The Soil Con­
servation Service of the U.S. Department of Agriculture submitted a 
proposed plan in July of 1952. The Corps of Engineers of the U.S. 
Department of Army submitted a plan in October of 1952. Both plans 
were for the Salt-Wahoo Creeks; both plans included flood protection 
benefits; and the plans were developed independently. The Commission 
reviewed these two plans and concluded (25, p. 134), "Obviously there 
is considerable overlap in the benefits claimed by the two plans, since 
they add up to a larger figure than the estimated total annual flood 
damage". 
An example of an intertemporal deficiency may be illustrated by 
the planning and construction of a project for flood protection as a 
single purpose. Five years after construction is completed an irriga­
tion project may be planned which requires water impoundments on the 
same stream where the flood protection impoundments were constructed. 
Considerable cost savings might have been realized if the original plans 
had been for multiple purpose structures including both flood protection 
and irrigation water storage requirements. 
These illustrative examples are indicative of a need for coordina­
tion between and among all groups planning for resource development and 
use. A recent and significant policy guide, Senate Document 97 (3^) 
prinlsd in 1962, provides for a coordinated and comprehensive effort of 
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all Federal agencies involved in water resource planning and develop­
ment. This document is quite explicit in stating objectives of planning 
for the best use, or combination of uses, of water and related land re­
sources to meet all foreseeable short- and long-term needs; and the 
well-being of all of the people shall be the overriding determinant 
in considering the best use of water and related land resources. 
The comprehensive surveys by Federal agencies previously mentioned 
are being undertaken in response to Senate Document 97 (34). Such sur­
veys are currently underway in the Ohio, Upper Mississippi, and Missouri 
River Basins. These surveys are to provide a framework-of economic re­
lationships concerning potential resource development to be used in 
subsequent program and project formulation. An example of this is the 
Ohio River Basin survey which was initiated in 1963 and scheduled for 
completion in 1966. A detailed study of the Wabash River Basin, which 
is a subbasin of the Ohio Basin, was initiated in 1955 to formulate 
specific project plans for water resource development. The study of 
the Wabash Basin is expected to be a coordinated part of resource 
development programs of the Ohio Basin. This can be accomplished by 
evaluating the economic impacts of planned projects for the Wabash 
Basin within the framework of potential benefits identified in the 
comprehensive survey of the Ohio Basin. 
The problem remaining is to develop a system of economic analysis 
that will incorporate these policy guides into the plan formulation 
process for resource development. A contribution toward solving this 
comprehensive problem is more likely to be achieved by attacking a 
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small portion of it as a beginning. Thus, this study is concerned with 
the relative economic efficiency of producing agricultural requirements 
under alternative resource development potentials within a particular 
area. This approach enables emphasis to be placed upon the development 
of methodology of analyses and its application to a restricted area in 
an empirical setting. 
Objectives of This Study 
The main objective of this study is to develop a conditional-
normative model to be used in evaluating the economic efficiency impli­
cations of land and water resource use and development for agricultural 
production. A conditional-normative model may be defined as one which 
achieves an economic optimal solution with some restraints or condi­
tions imposed a_ priori, which are not based on economic efficiency 
considerations. The model is intended to identify a pattern of agri­
cultural resource use and development that will satisfy a given level 
of expected future needs for agricultural production, with a minimum 
expenditure of economic resources. More specifically, within a frame­
work of assumptions regarding the level of expected future agricultural 
output required, factor cost relations, and the mix of production inputs, 
this study attempts to determine: 
(1) The capacity of a region, comprised of a group of river 
basins or subregions, to meet agricultural production needs 
without further resource development, that is, with the cur­
rent level of development. 
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(2) The capacity of the same region to accommodate resource 
development measures, in components of development potentials, 
in achieving the agricultural production needs. 
(3) The optimal mix and level of resource development alterna­
tives to meet the agricultural production needs, within a 
criterion of maximum economic efficiency. 
A more general objective is to provide a framework of economic 
relationships that will permit a more comprehensive evaluation of the 
economic consequences of planned projects in subsequent studies. 
Methodological Approach 
The analytical method used for this study is similar to the method 
used by Egbert and Heady (5) for their programming of regional grain 
production. The Egbert and Heady study employed the simplex method of 
linear programming to determine the spatial equilibrium solution for 
wheat and feed grain production for the United States. They delineated 
104 major production regions for the grain producing industry, with re­
gional constant cost supply functions and total exogenous demand for 
wheat and feed grains assumed. 
The restricted area used for this study is the State of Texas, 
delineated into 15 land resource areas. The system of analysis includes 
all major agricultural production processes to meet a given level of 
projected output for the State of Texas. Specialty crops are omitted 
from the programming model but an acreage estimate of their use of land 
resources is withdrawn from the total acreage available for production 
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possibilities. The livestock and livestock product requirements are 
not included as activities in the programming model, but are converted 
into feed crop requirements for the study area. This results in nine 
crops or crop groups representing the total output requirements in the 
system of analysis. 
This study attempts to overcome the limitations of large hetero­
genous aggregations of the land resource base. This is a prime consid­
eration when evaluating the economic consequences of resource development 
alternatives. The different technical response expected from different 
types of soils, with respect to a given type of resource development, 
would severely limit the results of a study that aggregated the resource 
base into areas or regions ignoring the soil types. For this study, the 
basic "building block" for deriving the technical coefficients is a soil 
group made up of soil types within a land resource area, considered 
relatively homogeneous with respect to crop yields and response to fac­
tor inputs. 
The selection of the study area, the regional delineations, and the 
soil groups were based on the four considerations previously stated. A 
political boundary of the State of Texas was used for the study area 
because the State is the prime entity concerned with potential resource 
development for this study. Accordingly, the analysis must be concerned 
with the economic evaluation of alternative resource development poten­
tial over the entire State. This approach will provide the framework 
for subsequent studies of specific project development programs which 
would involve the water and land resources of a specific river basin. 
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The economic consequences for agricultural production could then be 
evaluated for the entire State rather than just the river basin. 
The regional delineation into land resource areas and the desig­
nation of soil groups were aggregated from hydrologie areas within the 
State boundary. They were designed as a means of accounting for pro­
ductivity differentials of the land resource base in a manner to facili­
tate the development of reliable coefficients. The soil groups provide 
accounting units that would permit aggregation to any appropriate plan­
ning unit from an individual firm to the entire State. These groups 
could also be designated by hydrologie boundaries for aggregation into 
any drainage area configuration needed. They were not so identified 
for this study because of limitations on the number of equations for 
the computer program. Furthermore, the study objectives can be achieved 
without drainage area designations. Subsequent studies for project 
evaluation would require the hydrologie information. 
This study is concerned with agricultural commodity requirements 
projected for the year 1975. This of course necessitates the estimation 
of technical coefficients of production for 1975. The study is not de­
signed to evaluate the optimal timing of resource development from the 
present to the projected time period. It is concerned only with an 
optimal pattern of development at that point in time. 
Linear programming solutions are used in evaluating the relative 
economic efficiency of resource development potentials. The usual 
general assumptions of linear programming apply to this study, which 
are: (l) at least one resource is limited; (2) a finite number of 
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activities (production processes) having constant input-output coeffi­
cients; (3) the processes are additive; and (4) divisibility of inputs 
and outputs are determinate for any positive level of output. 
Plan of This Report 
The next chapter discusses the economic concepts directing this 
study. The economic criteria for evaluating resource development are 
set forth with correlative assumptions underlying this analysis. The 
economic model is then described, with a discussion of the limitations 
of the model. 
The derivation of the basic input data is summarily presented in 
the following chapter. This includes a delineation and aggregation of 
the resource base; determination of the resource development potential; 
and the generation of the input-output coefficients for the model used. 
Limitations of the data are discussed. 
The next chapter presents the empirical results of the study. An 
appraisal of the resource base in meeting projected output requirements 
without resource development is set forth as a bench mark situation. 
The resource development potentials are appraised individually in terms 
of over-all economic efficiency gains, as well as commodity efficiencies, 
over the "without development" situation termed the bench mark situation. 
The final empirical findings identify an optimal level and mix of all 
resource development potentials. Efficiency gains are again compared 
to the bench mark situation. 
In the chapter preceding the summary, the results of the analysis 
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are assimilated and conclusions stated. Limitations of the over-all 
study are discussed and implications for further research are indicated. 
The final chapter presents a brief summary of the study results. 
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THE ECONOMIC FRAMEWORK 
Economic Criteria for Resource Development 
The scope of this study, as stated in the preceding chapter, is 
to identify alternative resource development potentials within a maxi­
mum economic efficiency objective in meeting agricultural production 
needs. The basic principles set forth as criteria for economic analysis 
of Federal resource development projects are compatible with a maximum 
economic efficiency objective. A general statement of these principles 
from "Proposed Practices for Economic Analysis of River Basin Projects" 
(35, p. 5) is as follows: 
(1) The goods or services to be produced by a project have 
value only to the extent that there will be need and 
demand for the product. 
(2) The most effective use of economic resources required for a 
project is made if they are utilized in such a way that the 
amount by which benefits exceed costs is at a maximum rather 
than in such a way so to produce a maximum benefit-cost 
ratio or on some other basis. Maximization of net benefits 
is a fundamental requirement for the formulation and eco­
nomic justification of projects and programs. 
(3) The project as well as any separable segment or increment 
thereof selected to accomplish a given purpose should be 
more economical than any other actual or potential avail­
able means, public or private, of accomplishing that speci­
fic purpose. The cost of making the product or service 
available by alternative means establishes a limit to the 
justified project investment for accomplishing a specific 
purpose. 
(4) From an economic standpoint the order in which a number of 
projects should be undertaken should be based on their 
relative efficiency in use of economic resources. The 
economic analysis should, therefore, provide data which 
can ultimately be used for comparing the economic desira­
bility of a number of justified projects. 
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Linear programming is a method of solving a system of equations 
for either a maximum or minimum value of a quantified objective func­
tion. Thus, if an objective of maximum economic efficiency can be 
quantified, a linear programming solution.will describe a course of 
action that will permit attainment of maximum economic efficiency. 
It was noted in the preceding chapter that the method used for this 
study is similar to the method used by Egbert and Heady (5). The major 
similarity between the two studies is the application of linear program­
ming to determine a minimum production cost solution to achieve a speci­
fied level of agricultural output. Thus, they both use a maximum effi­
ciency criterion stated in terms of minimizing the cost of production. 
Significant differences between the study presented in this report 
and the Egbert and Heady study (5) can be explained by comparing some 
details of the two studies. The Egbert and Heady study (5) dealt with 
only grain production as a specified constant for the entire United 
States; average input-output coefficients were developed on a regional 
basis using 104 major grain-producing regions; and the analysis was 
based on 1954 conditions with only one level of resource availability. 
The study presented in this report deals with all agricultural produc­
tion as a specified constant but only for a given region of the United 
States (the State of Texas); the input-output coefficients were developed 
on a soil group basis, rather than a regional basis; and the analysis 
is concerned with a projected time period, with different levels of re­
source availability from alternative development potentials. 
A stated policy of the Federal Government in resource development. 
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as previously mentioned, is that the well-being of all of the people 
shall be the overriding determinant in considering the best use of 
water and related land resources. This policy clearly casts the 
relevant economic analysis into the realm of welfare economics. Re­
viewing the principles of welfare economics as set forth by Reder 
(27, pp. 13-17), welfare increases when one or more individuals become 
more satisfied (attains a higher indifference surface) without any 
other individuals becoming less satisfied (being placed on a lower in­
difference surface). Granting the premise that net benefits are ade­
quate indicators of welfare, any activity using general public funds 
(tax revenues) could hardly attain this principle of increased welfare, 
because there will generally exist individuals contributing to the gen­
eral tax revenues, but not sharing in the benefits of a specific ex­
penditure. However, applying the "compensation principle" stated by 
Reder, welfare will be increased by a given economic reorganization if 
the increased benefits are sufficient to permit compensating payments 
to individuals adversely affected, to restore them to their initial 
welfare position, and still have benefits remaining. Accordingly, if 
the total benefits over time for a given resource development program 
exceed the costs, and benefits are considered synonymous with welfare, 
then welfare will be increased if compensation is made to individuals 
adversely affected by the program, and a net benefit remains. 
Some quotations and summaries from Marglin (17), Krutilla and 
Eckstein (15), Heady (7), and Timmons (32) will be presented in sup­
port of the efficiency objectives approach developed in this study. 
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In "Design of Water Resource Systems" (17, p. 18) Marglin makes 
the following statement: 
In view of the three-dimensional nature of national wel-
fare--the size of the economic pie, its division,and the 
method of slicing—we believe it unwise to attempt to define 
a single index for this broad objective; instead we shall 
develop alternative objectives for the most important ways 
in which water-resource development can contribute to na­
tional welfare. These are broadly two: efficiency, which 
expresses the objective of maximization of the size of the 
economic pi e in a more sophisticated manner than does maxi­
mization of national income, and income redistribution, which 
expresses the objective of achieving a desired slicing of the 
economic pie by a knife that suits community values. 
Marglin (17) then proceeds to develop a criterion function, involving 
compensating side payments, to maximize efficiency. He then shifts 
attention to the income redistribution objective and concludes that 
identifying the relevant constraints results in a complex procedure 
to specify a redistribution objective. 
Krutilla and Eckstein (15, p. 4) also describe the relevant eco­
nomic analysis of river basin development as involving efficiency 
considerations as separate from income distribution. They state; 
There is then a need to spell out quite clearly, as a 
separate question, the efficiency considerations involved in 
the development of river basins. In attempting this, we 
recognize that wherever there is a possibility of govern­
mental intervention to achieve efficiency objectives, or 
failure to exercise governmental prerogatives in achieving 
such objectives, there will also be different income distri­
butive consequences, depending upon which course of action has 
been adopted. Economic analysis can describe the probable in­
come redistributive consequences of each alternative, but it 
is not equipped to demonstrate objectively which alternative 
is preferable. Rather, the task of economic analysis is to 
demonstrate which course of action is the more efficient or 
economic. 
In these studies by Marglin (17) and Krutilla and Eckstein (15) the 
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emphasis is on efficiency considerations as separate from redistri­
bution aspects. Thus, the efficiency objective used for this study 
is consistent with their framework and will permit the demonstration 
of which course of action is the more efficient. 
The development of conceptual framework for economic evaluation 
of watershed programs has taken essentially the same approach as river 
basins. In a section of "Economics of Watershed Planning", Heady (7, 
p. 197) discusses the welfare aspects as follows: 
A complete mathematical formulation of an appropriate 
welfare economics model would entail specification of utility 
functions for individuals; demand, production, and cost func­
tions for products both within and outside the watershed; and 
the calculus under which social welfare is maximized. But 
this model has no current prospect for empirical application. 
Some of the quantities, particularly those relating to utility 
functions, have no promise of measurement. We must turn to 
some programming models of "small watersheds in isolation" as 
representative of mathematical approaches which are operational 
in view of data availability. 
In conceptualizing a framework for economic evaluation of watershed 
development Timmons (32, p. 1173) states: 
In terms of objective one, previously stated as the maxi­
mization of net value returns over time, benefits and costs 
of present and various future watershed development alterna­
tives require determination. This determination is made for 
the watershed as a whole and includes all benefits and all 
costs directly related to the development regardless of their 
incidences. The obvious purpose of the benefit cost analysis 
is to guide watershed development toward the maximization of 
net value returns over time within and among watersheds. 
After application of benefit cost analysis to achieve this objective, 
Timmons (32) directs attention to the incidence of the costs and bene­
fits upon participants in the development area. He develops the dis­
sociation and association theories of benefits and costs to analyze 
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the distributive effects. A dissociation of benefits and costs will 
lead to a malallocation of resources and thus defeat the realization 
of the maximum net value returns over time. If the individual cannot 
realize the value productivity of his investments, there would be no 
incentive to make the investments. The compensation principle can be 
applied to achieve an association of benefits and costs such that the 
necessary investments will be made to obtain the maximum net value 
returns over time. 
The income distribution aspects cannot be ignored in the economic 
analysis of a specific project or program for the development of water 
and related land resources. However, the application of a joint objec­
tive of maximum economic efficiency and optimal income distribution, 
such that a maximum welfare objective can be constructed, quantified, 
and achieved, does not appear feasible in an empirical setting according 
to Heady (7). Therefore, this study is concerned with the economic 
evaluation of comprehensive, potential resource development and a frame­
work of economic relationships to be used in subsequent studies of 
project and program evaluation. The emphasis is on the development of 
methodology to analyze the economic efficiency of alternative resource 
development potentials. This is consistent with the criterion function 
to maximize economic efficiency developed by iïlarglin (17); consistent 
with the statement from Krutilla and Eckstein (15) that the task of eco­
nomic analysis is to demonstrate which course of action is the more 
efficient or economic; and consistent with maximization of net value 
returns over time as stated by Timmons (32). However, consideration is 
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given to analytical results that would facilitate the evaluation of 
distributive effects in the subsequent project studies. 
The application of a linear programming system promotes the 
achievement of maximum efficiency and also has inherent characteristics 
contributing to an analysis of income distribution. The solution to 
the dual of a minimum cost model would be the resource incomes that 
can be attributed back, in the form of profits or land rents, to the 
individual holders of the resource unit. If the basic resource unit 
used for developing the input-output coefficients is disaggregated in 
a manner to permit identification at the individual firm level, the 
results could be used to determine the incidence of benefits and costs 
in subsequent project studies. This would facilitate testing the dis­
sociation theory of benefits and costs developed by Timmons (32). Al­
though the actual analysis of specific project proposals is beyond the 
scope of this study, the output of the linear programming system would 
provide a desirable framework for evaluation of distribution effects. 
Basic Assumptions 
The application of the system of analysis developed in this study 
involves a set of assumptions or conditions which must be explicitly 
stated and used in evaluating the results. These are as follows: 
(1) A soil group, which is a grouping of soil types, is rela­
tively homogeneous with respect to input-output coefficients 
within a subregion. 
( 2 )  The input-output coefficients for each soil group are 
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constant within the relevant range and include the water 
resources related to the land. 
(3) The current price relationship of factor inputs will pre­
vail in the projected period. 
( 4 )  Complete labor mobility throughout the study area. 
( 5 )  Each economic unit seeks to maximize profits andthereby 
each subregion maximizes profits. 
(6) Total agricultural production in each subregion is limited 
only by the land and water resources available. 
( 7 )  Total agricultural production requirements for the study 
area are exogenously determined for the projected period. 
These assumptions may seem restrictive in terms of describing the 
economic activity that exists in each region. They are necessary sim­
plifying assumptions in order to reduce the analysis to a manageable 
size. Because the major objective of the study is to evaluate relative 
efficiencies of alternative resource development potentials, and this 
set of assumptions is imposed on each alternative, the limitations that 
must be placed on the results are considerably dampened. 
The General Economic Model 
The above assumptions describe an agricultural economy in a pure 
competitive situation at equilibrium conditions. The maximum profit 
production pattern is identical to a minimum cost production pattern 
under conditions of pure competition. Leftwitch (16, p. 193) describes 
the conditions for pure competition and then describes maximum economic 
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efficiency achievement at least possible cost per unit of output. 
Egbert and Heady (5, p. 10) show the equivalence of a maximum net 
returns model and a minimum production-transportation cost model with 
total demand a specified constant. 
The general model used in this study has the objective of mini­
mizing the total cost of producing a given level of agricultural output. 
The main advantage of a cost minimizing over a profit maximizing is that 
pricing the output is not required. This would not be as significant 
if the current situation was being studied, but when dealing with a 
projected time period, as this study does, estimating the output prices 
for the projected period is a major research effort, and generally not 
available. Projections of future per capita consumption of agricultural 
commodities and population projections are generally available and will 
be presented in detail later in the report. Therefore, since minimum 
cost and maximum profit are synonymous under equilibrium conditions in 
a purely competitive economy, and the assumptions set forth describe 
such a system, the minimum production cost model is used for this study. 
A minimum cost model for agricultural production may be expressed 
in a general mathematical form as follows: 
X. . = level of the j-th commodity activity from the i-th 
soil group. 
A. . = land input required per unit of the j-th commodity on 
the i-th soil group. 
B. . = output per unit of the j-th commodity on the i-th 
^ soil group. 
C.. = cost per unit of the j-th commodity on the i-th soil 
group. 
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L. = total acres of the i-th soil group available (i = 1, 2, 
• • • J n ) •
D. = total output requirement for the j-th commodity 
(j - 1 ; 2,...,m). 
The problem is to find those ^ that minimize: 
(2.1) n m 
Z = jT ^ X. . C. which is total production costs; 
i=l j=l 'J 
subject to: 
(2.2) m 
- ^ A.. X.. - - L. (i = 1,2,...,n) which prevent land 
j = l ^ 
availability from being exceeded; and 
(2.3) n 
^ B.. X.. - D. (j - 1,2,...,m) which requires that all 
i = l J 
demands be fulfilled; and finally, 
(2.4) X^j - 0 (for all i and all j) since negative production is 
not allowed. 
Equation (2.1) is the objective function, total production cost 
for all commodities, to be minimized. (2.2) states that the total 
acres of all commodities produced on a given soil group cannot exceed 
the total acres of the soil group available. The specific model would 
contain n of these equations, or one for each soil group in the study 
area. (2.3) states that the sum of the production for a given commodity 
on all soil groups must equal the total demand for that commodity until 
all commodity demands have been satisfied. The specific model would 
contain m of these equations, one for each commodity produced in the 
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study area. Negative activities are not permitted as (2.4) indicates. 
The complete model is a system ot m + n + 1 equations. 
Linear programming is used for obtaining solutions to the minimum 
cost model. A general statement of the model in matrix notation is to 
find a subset of x.'s such that the function 
1 
(2.5) f(c) = cx' 
is a minimum when x' is subject to these restraints 
(2.6) Ax' ^  b' 
(2.7) x' ^  0. 
In 2.5, c is an nk row vector in which the elements are the produc­
tion costs associated with nk producing activities,and x' is an nk 
column vector in which the' elements are the production levels of the 
activities. There are n soil groups and k commodity activities per 
soil group. In (2.6), A is a matrix containing the input and output 
coefficients of the commodity producing activities. The order of the 
matrix is (n + m) * (nk), but most column vectors contain only two 
nonzero elements, b' is an n + m column vector in which the elements 
are the maximum acreages available for each soil group and the demand 
levels for the commodities produced. Equation (2.7) requires that all 
production activities be non-negative. 
The general model presented here can be expanded and specified to 
include many commodities, production possibilities, and in the case of 
this study, resource development potentials. The size of such a system 
is limited only by the capacity of computers and computer programs in 
terms of number of equations and activities. 
Limitations of the Model 
There are some limitations peculiar to this model and some general 
limitations inherent in any model of aggregative regional analysis. 
Any model that aggregates the economic activity of individual units 
into some "average" context may not achieve reality. Even if resources 
and technical capacity permitted the inclusion of activities for each 
economic unit in the model, it might still fail to describe complete 
reality. Behauiorial aspects of each entrepreneur are difficult to 
predict and include in an economic model with the degree of confidence 
approaching that of physical input-output relationships. This general 
limitation on aggregative models cannot be dismissed, but should not be 
unduly imposed on the results of such models. Useful relationships 
describing the direction and indicating the magnitude of economic con­
sequences from alternative programs can be revealed by using aggregative 
models. The limitation is one of degree with respect to amount of eco­
nomic change that actually would result. 
The limitations peculiar to the model used in this study can be 
related to the basic assumptions stated previously. The homogeneous 
and constant input-output coefficient assumptions may not exist for a 
given soil group. Managerial ability would influence these coefficients. 
The implicit assumption is that an "average" managerial ability is re­
flected in the technical coefficients, and this "average" will give the 
same results as a summation of the individual coefficients. The group­
ing of soil types into soil groups may be subject to a physical limita­
tion of a spatial pattern. Distinct lines of demarcation do not exist 
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between the soil groups and thereby make it impractical to devote every 
acre to a specific crop. Again an implicit assumption is that these 
"overlaps" will tend to balance out for the study area. 
The current price relationship of factor inputs will not exist 
for all factors in the projected period. Technological advances could 
alter the price of nitrogen fertilizer relative toother factor inputs, 
as an example. Resources and time did not permit explorations of this 
nature. However, technological changes expected which might alter the 
production process, e_.3_., chemical weed control with less tillage prac­
tices, is reflected in the input-output coefficients. 
The total output in a region is limited by factors other than the 
land and water resources available. The capital structure of an eco­
nomic unit and labor availability combine with the physical resources 
in limiting output. An "average firm" concept in developing the input-
output coefficients partially overcomes this limitation. There is the 
additional difficulty of estimating an average firm for the projected 
time period. Increased specialization and larger farm units is the 
trend, but the future rate of this trend is difficult to estimate. 
Total production requirements for the study area are not com­
pletely exogenous. This is particularly true since this study is con­
cerned with resource development. If resource development potentials 
exhibit an efficiency gain and the development does in fact occur, 
the total production from the study area (as a share of the total 
National requirements) would be greater than if the development did 
27 
not take place. Unless comparable studies o-f the rest of the Nation 
are conducted, it is extremely difficult to estimate the change in 
product requirements. 
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RESOURCES, DEVELOPMENT COMPONENTS AND 
INPUT-OUTPUT DATA 
The geographic area selected for this study was the State of 
Texas, as stated earlier. The major reason for selecting this area 
was the availability of basic data necessary for the system of analysis 
used. Investigations were undertaken in response to requests of the 
United States Study Commission-Texas under cooperative agreements with 
the Economic Research Service and the Soil Conservation Service, U.S. 
Department of Agriculture; the Texas Agricultural Experiment Station; 
and the Bureau of Reclamation, U.S. Department of Interior. Much of 
the basic data used for this study were developed by the investiga­
tions undertaken for the United States Study Commission-Texas and are 
contained in reports submitted to the Commission (37, 38, and 39). 
The Land Resource Base 
A systematic appraisal of land use and potential development re­
quires detailed information concerning the land base and its use. A 
classification system for the land base, with detailed information about 
each class, is necessary to permit an economic evaluation of potential 
development. The classification system must be concerned with the 
physical response, in terms of input-output coefficients, to alterna­
tive patterns of use and development. Established physiographic regions 
known as "land-resource areas" and a grouping of soils were used for 
this purpose. A soil group within a given land-resource area is 
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identified as a land-resource unit for the purpose of this study. It 
may be defined as an area of land of relatively uniform physical char­
acteristics and climate, considered to be homogeneous in suitability 
for agricultural use and in productivity. The soil survey part of the 
National Inventory of Soil and Water Conservation Needs, executed by 
the Soil Conservation Service, U.S. Department of Agriculture, provided 
the basis for determining the acreage of each "land-resource unit". 
The soil group identification permitted the aggregation of hydrologie 
areas to the land resource designations. Major land use, including the 
acreage of land irrigated was available from this survey which was done 
in 1958. Because of this, much of•the base data used in this study, 
both economic and physical, are for 1958. 
Land-resource areas 
Land-resource areas are large, broad regions that have been delin­
eated to separate the State into areas of similar physical features and 
climatic environment. Within each land-resource area, the soil, cli­
mate, geology, vegetation, topography, and agricultural development are 
similar or related. Some of the land-resource areas have been sub­
divided to recognize more detailed climatic delineations. The size and 
location of these areas are shown in Figure 1. 
Not all subdivisions of the land-resource areas were considered 
separately in this study. The Edwards Plateau Semiarid and Subhumid 
and the Rolling Plains East and West retained their identities as sub­
divisions; the East Cross Timbers subdivision of the East Texas 
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Figure 1. Land resource areas, Texas 
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Timberlands was combined with West Cross Timbers; the Coast Marsh 
land-resource area was combined with Coast Prairie; and Edwards Plateau 
Transitional subdivision was combined with the Grand Prairie land-
resource area. 
For the purpose of this study, 15 land-resource areas were used. 
Significant characteristics of the land-resource areas are summarized 
and shown in the appendix. 
The acreage of each land-resource area by major use, as determined 
by the 1958 survey, is shown in Table 1. The major use categories have 
specific definitional characteristics. Cropland is considered to be all 
land tilled including rotation pasture, idle and fallow land, all tame 
hay, and orchards. It is further subdivided into irrigated and non-
irrigated. Pasture and range is considered to be all land in grass or 
other long-term forage growth that is used primarily for grazing. Pas­
ture and range is further subdivided into three categories, tame pasture, 
open range, and brushy range, which permit more accurate determination 
of grazing yields. Forest and woodland is considered to be all land at 
least 10 percent stocked by forest trees of any size and capable of 
producing timber and other wood products. Forest and woodland is sub­
divided into commercial and noncommercial. Some grazing is obtained 
from the noncommercial woodland. Farmsteads, wildlife areas, and areas 
not otherwise classified make up the other agricultural land group. 
Nonagricultural land was included as a major use in the 1958 survey, 
but is not shown in Table 1. Nonagricultural land is land in urban, 
industrial, and related uses, including Federal land. In order to 
Table 1. Major uses of agricultural land, by land-resource areas, Texas 
Land-resource area 
Cropland Pasture and range 
rrigated |[\lonirrigated ; Open 
: range 
' Brushy 
' range 
• Tame 
• pasture 
1,000 1,000 1,000 1,000 1,000 
acres acres acres acres acres 
5,229.6 5,499.5 4 , 148 .2  3,036.6 26.5 
15.2 5,620.8 3,287.3 
— 
37.7 201.2 4 ,245 .1  2,851.3 21.0 
.7 1,652.2 3,534.0 2,822.3 191.9 
1,318.9 2,760.5 2,643.1 14,571.6 57.9 
213.6 3,040.0 7,485.1 5,356.2 75 .2  
75.2 2 ,233 .3  1,605.5 3,038.4 50.2 
9.8 911.0 1,495.7 2,759.8 16.6 
11.6 1,036.1 457.2 327.2 208.6 
3.3 5,499.6 452.2 647 .2  3,418.3 
507.5 2,134.1 1,399.9 203.8 1,215.1 
2 1 .1  3,018.8 — — 19.2 3,246.8 
.2 111.7 190.3 988.3 — — 
144 .5  467.6 276.7 261.5 551.1 
379.5 8,488.3 7,097.5 
7,969.4 28,565.6 42,042.1 47,268.2 9,079.2 
High Plains—— 
Edwards Plateau, 
semiarid 
Edwards Plateau, 
subhumid 
Grand Prairie 
Rio Grande Plain 
Rolling Plains, West--
Rolling Plains, East— 
Worth Central Prairie-
West Cross Timbers 
Blackland Prairies 
Coast Prairie 
East Texas TimberlandS' 
Central Basin 
Bottomlands 
Trans-Pecos 
Total 
Table 1 (Continued) 
Land-resource area Woodland Commercial : Noncommercial Other 
land ' Total 
1,000 1,000 1,000 1,000 
acres acres acres acres 
High Plains — — — — 82.9 18,023.3 
Edwards Plateau, 
semiarid 7.9 471.0 3.9 9,407.1 
Edwards Plateau, 
subhumid 91.3 2,622.5 20.3 10,090.4 
Grand Prairie 575.2 6,878.9 21.7 10,676.9 
Rio Grande Plain 16.B 602.7 39.7 22,011.2 
Rolling Plains, West — — — — 34.4 16,204.5 
Rolling Plains, East 8.2 83 .4  50.1 7,144.3 
North Central Prairie 17.6 4 9 4 .2  4.6 5,709.3 
West Cross Timbers 30.6 506.8 14.0 2,592.1 
Blackland Prairies 1,029.0 1,306.9 35.4 12,391.9 
Coast Prairie 492.6 325.4 133.8 6,412.2 
East Texas Timberlands 12,333.3 1,625.4 79.5 20,344.1 
Central Basin—— 5.3 85.9 .7 1,382.4 
Bottomlands 808.0 45.9 23.5 2,578.8 
Trans-Pecos 40.3 307.0 3.4 16,316.0 
Total 15,456.1 10,356.0 548.9 161,284.5 
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estimate land available for crop production in 197w, ths tims psriod 
used for this study, allowances were made for increased acreages in 
the nonagricultural use of land. Projected changes in land use arising 
from urban-industrial expansion were developed on the basis of a sys­
tematic consideration of economic trends, population assumptions, and 
available information on land used in existing urban centers. This 
encroachment on the agricultural land was estimated for each land-
resource area. 
Soil groups 
Soil units are general groupings of soils with similar character­
istics such as depth, texture, permeability, structure, and presence of 
various soil horizons. A soil unit includes several soil series and 
soil types which, when identified with a land-resource area, have 
similar crop adaptabilities, are about equally productive, and require 
and respond to about the same conservation and management practices. 
However, a further grouping was required in order to bring the number 
of land restraints within the limitations of computer and program capa­
bilities, and resources necessary to develop input-output coefficients. 
The soil units were combined into nine soil groups, for each land-
resource area, based primarily on use limitations, necessary management 
practices, and productivity. 
When used with the land-resource areas, the soil groups characterize 
the land resources of the State and provide a suitable and relatively 
homogeneous base for an economic evaluation of agricultural output 
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potential. Table 2 summarizes the general characteristics of soil 
units included in each soil group. 
Soils in two groups, designated H and I, are not considered 
suitable for cultivation. Bottomlands in these groups are frequently 
flooded, wet, gravelly, or saline to the extent that cultivation is 
not practical. Uplands in the H and I group are nonarable because of 
depth, stoniness, erosion, or slope. Because of the characteristics 
of the H and I soils and their limitations for continuous cultivation, 
the assumption was made that these soils would revert to a permanent 
grazing category by 1975. 
The projected availability of the cultivated cropland resource 
base is shown in Tables 3 and 4, by land-resource areas and soil groups. 
The allowance for the increased need for nonagricultural land has been 
deducted and the H and I groups have been shifted from cropland to tame 
pasture and meadow. The estimated acreage required for the production 
of specialty crops, including citrus fruits, has also been subtracted 
from these figures. There remains slightly over 38 million acres for 
cultivation, of which 7 million are irrigated. 
The soils in group A are the most highly productive sqils and 
require no special management practices in the production process. 
This group contains only 3.3 percent of the total cropland in the non-
irrigated land base and 5.5 percent of the total in the irrigated crop­
land base. Soil groups B, C, and D consist of soil types that are 
relatively high in productive capability, but require some special man­
agement practices to achieve their productive potential. The special 
Table 2. Significant characteristics of soil groups, Texas 
Soil 
group 
Slope ; Soil depth 
I Permea-
1 bility 
] Texture 
] surface : Relief 
: Erosion 
: suscepti-
: bility 
: Water 
: holding 
; capacity 
Percent 
A———— 0 - 1  Deep Moderate 
and slow 
Fine and 
medium 
Level Slight High to 
medium 
B——— — 0 - 3  Deep Very slow 
to slow 
Fine and 
medium 
Level to 
gently 
sloping 
Slight to 
moderately 
severe 
High to 
medium 
1 - 5  Deep to 
moderately 
deep 
Slow to 
moderate 
Fine to 
medium 
coarse 
Gently 
sloping to 
rolling 
Slight to 
moderately 
severe 
High to 
medium 
D—— — — 0 - 8  Deep Slow to 
free 
Moderately 
coarse to 
coarse 
Gently 
sloping to 
sloping 
Slight to 
moderately 
severe 
Medium to 
low 
E-— 0 - 5  Shallow 
to very 
shallow 
Very slow 
to moderate 
Fine to 
medium 
Gently 
sloping to 
sloping 
Slight to 
moderately 
severe 
Medium to 
low 
Table 2 (Continued) 
Soil 
group 
Slope 
Soil 
depth 
Permea­
bility 
Texture 
surface 
Relie f 
Erosion 
suscepti­
bility 
Water 
holding 
capacity 
Percent 
F-— 3 - B Deep Very slow 
to moderate 
Fine to 
moderately 
coarse 
Gently 
sloping to 
rolling 
Moderately 
severe to 
severe 
High to 
medium 
5 - 8  Deep to 
moderately 
deep 
Slow to 
moderate 
Fine to 
moderately 
coarse 
Sloping to 
moderately 
steep 
Severe to 
very 
severe 
High to 
medium 
H——— — 0 - 3  Deep Very slow 
to free 
Fine to 
moderately 
coarse 
Level to 
undulating 
Slight High to 
low 
I 0 - 20 Deep to 
very 
shallow 
Slow to 
moderate 
Fine to 
coarse 
Level to 
hilly or 
steep 
Slight to 
very 
severe 
High to 
low 
Table 3. Acreage of nonirrigated land available for cultivated crops, soil groups and land-
resource areas, Texas, 1975 
Land-resource area 
Soil group 
Total 
A B C D E F G 
1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 
acres acres acres acres acres acres acres acres 
High Plains « » ^ 2,181.9 1,427.4 2,318.6 167.7 CJl
 
6,152.7 
Edwards Plateau, 
semiarid — —  — 
Edwards Plateau, 
subhumid — — — — 183.1 38.8 — — — 2.4 224.3 
Grand Prairie 159.1 178.6 1,261.5 — — — 363.3 8.6 19.5 1,990.6 
Rio Grande Plain — — — 586.1 2,305.5 367.0 25.4 7.3 8.8 3,300.1 
Rolling Plains, West— — — — 83 .9  1,600.2 939.5 401.5 77.8 133.3 3,236.2 
Rolling Plains, East— 113.3 375.7 1,366.2 392.8 167.0 4.0 6.1 2,425.1 
North Central Prairie- 60.0 177.4 708.6 85.3 35.3 17.4 8.7 1,092.7 
West Cross Timbers 72.1 111.2 540.7 389.9 — — — 17.7 10.5 1,142.1 
Blackland Prairies 158.1 1,796.1 3 ,624 .9  13.5 150.7 159.5 278.3 6,181.1 
Coast Prairie 144.2 853.0 629.5 44.0 — — — 12.1 2.5 1,665.3 
East Texas Timberlands 104.2 551.4 1,249.9 1,027.9 
C
O
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172.6 110.4 3,219.2 
Central Basin—— ———— 5.2 1.1 59.9 31.2 3.7 — 1.0 102.1 
Bottomlands 223.2 50.1 331.3 4.6 — — 609.2 
Trans-Pecos 
— —  
— 
— 
— 
1 039 4 15 2B8-7 1 356.2 477.0 638.6 31.360.7 
Table 4. Acreage of irrigated land available for cultivated crops, by soil groups and land-
resource areas, Texas, 1975 
Land-resource area 
Soil group 
Total A B C D E F G ; 
1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 
acres acres acres acres acres acres acres acres 
High Plains =  —  m m  1,636.9 1,696.6 1,092.2 55.0 21.8 4,502.5 
Edwards Plateau, 
semiarid 7.2 3.9 —  —  —  —  —  —  —  —  —  11.1 
Edwards Plateau, 
subhumid 1.5 18.7 —  —  —  —  —  —  1.3 21.5 
Grand Prairie —  —  —  —  — —  
Rio Grande Plain 106.9 30.7 874.4 14.1 2.2 —  —  —  —  —  —  1,028.3 
Rolling Plains, West— —  —  —  . 8  70.4 135.5 2.2 —  — —  1.6 210.5 
Rolling Plains, East— 14.8 4.5 35.1 12.3 .7 —  — —  67.4 
North Central Prairie- 3.3 —  — —  —  —  —  —  —  —  —  —  —  —  —  —  3.3 
West Cross Timbers —  —  —  —  —  —  —  —  —  6.3 —  —  —  —  —  —  —  —  —  6. 3 
Blackland Prairies 2.0 —  —  —  —  —  —  —  —  —  —  —  —  2.0 
Coast rairie————————— 41.5 465.3 148.8 4.3 8.9 —  ~  —  —  —  668.8 
East Texas Timberlands —  —  —  1.8 .9 4.3 —  —  — —  —  —  —  7.0 
Central Basin —  —  —  —  —  —  —  —  —  —  —  —  
Bottomlands 40.4 5.6 51.8 —  —  —  —  —  —  —  —  —  —  —  —  97.8 
Trans-Pecos 169.5 47.2 173.9 8.3 39.1 438.0 
387.1 2 192.8 3 074 5 1 277.3 108.1 24.7 7 064 5 
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management would include such items as terracing, strip cropping, drain­
age, and others. In the nonirrigated croplandbase these three groups 
account for 88.9 percent of the total cropland. In the irrigated crop­
land base, 92.7 percent of the total is in these three groups. 
The remaining three soil groups, E, F, and G, are relatively low 
in potential productive capacity and require intensive management prac­
tices to achieve their potential. These soils are generally shallow, 
on steep slopes or require extensive drainage and flood control measures. 
They make up a relatively small proportion of the total cultivated crop­
land; 7.8 percent for the nonirrigated and only 1.8 percent for irri­
gated. 
Resource Development Potential 
Resource development potential is an ambiguous term unless some 
definitive bounds are established in an explicit manner. Without such 
definitive bounds, resource development potential could include de-
salinization of water from the Gulf of Mexico and pumping it to the 
High Plains of Texas for irrigation use. The technology for such a 
project is available now, but obviously the cost would far exceed the 
benefits. To include such a project as an alternative in this system 
of analysis would be a waste of resources. On the other hand, it would 
be very possible to exclude some alternatives which could favorably 
meet a test of economic efficiency. Some degree of judgment must be 
exercised in order to include the relevant range, economically speaking, 
of alternative resource development potential. 
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The determination of potential development used in this study was 
made by technicians of the Soil Conservation Service, U.S. Department 
of Agriculture; Bureau of Reclamation, U.S. Department of Interior; and 
the Texas Agricultural Experiment Station. This was done as part of the 
investigational program undertaken for the U.S. Study Commission-Texas, 
as previously mentioned. A judgment was exercised by these technicians 
as to development potentials that might be economically feasible. The 
development potentials for irrigation, drainage, and flood control were 
estimated in terms of acreage of cultivated land affected. Identifica­
tion of these acreages by soil groups permitted aggregation from basin 
designations into land-resource areas. 
Irripation 
The potential irrigable land in Texas would total to several mil­
lion acres, but would be a meaningless figure without consideration for 
the water supply that might be developed for irrigation. The area with 
a sup ly of surface water available for development is about 1,397,000 
acres. Table 5 shows the distribution of this potential by land-
resource area and present major land use. Exclusive of the High Plains, 
adequate information on subsurface supplies of water for irrigation was 
not available, but potential development is considered to be relatively 
small. The subsurface supply in the High Plains is rapidly being with­
drawn but the present level of irrigation can probably be sustained 
through 1975. 
The estimation of project development costs for surface water 
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Table 5. Acreage of potential irrigation development, by land-resource 
area and current land use, Texas, 1975 
Land-resource 
area Cropland 
Land use 
Pasture 
: 
Woodland Total 
Rio Grande Plain 214.8 560.1 6.2 781.1 
Rolling Plains, East— 13.6 15.0 1.1 29.7 
Bottomlands — — — 259.7 172.9 153.6 586.2 
Total 488.1 748 .0  160.9 1,397.0 
irrigation in these areas were not available for this study. As a 
substitute for project costs, the average annual cost of subsurface 
irrigation to bring the water to the surface, i_.e^. the cost of the 
well, the equipment, and the operating cost of pumping on an annual 
basis, in each of these areas was used. This cost is assumed to repre­
sent the annual cost of delivering water to the field edge from a sur­
face water project development. 
The derivation of input-output coefficients presented no problem, 
except for the development costs as indicated above, since irrigation 
was currently being practiced in these areas. The projected input-
output coefficients were available so only the land restraints needed 
to be adjusted to the new acreage figure. There was an additional cost 
element associated with conversion of pasture and woodland to cultivated 
cropland. These costs were imposed on that portion of the irrigation 
potential before it could be utilized as an irrigated, cultivated crop 
activity. 
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Drainage 
Drainage of agricultural land is one of the principal means by 
which agricultural production can be increased. Much of the production 
increase can be obtained on land presently cropped, thus increasing 
efficiency in use of factors already committed to agricultural produc­
tion. Some of this increased output can be achieved by individual ac­
tion of farm operators. Much of it requires a group activity to provide 
drainage outlets in addition to the individual farm drainage, with some 
major drainage outlet works beyond the group activity. Table 6 shows 
the drainage potential for Texas, by major land use and land-resource 
areas for the three types of drainage activity. 
The breakdown of three types of drainage activity is to facilitate 
the development of cost estimates. The group action still requires the 
on farm activity and the major outlet requires both on farm and group 
activities to realize the potential. This type of production alterna­
tive is managed very easily in the simplex method of linear programming 
by the use of "transfer" activities. A transfer activity is literally 
the transfer of one restraint into another existing restraint, and it 
can have a cost associated with it. An example of this might appear as 
follows in a matrix tableau. 
Row 
identification 
Column vector or activity No. 
1 : 2 ; 3 : 4 N 
A 71.85 22.70 1.22 4.79 
B 381. = D 
C 32.5 = 
D 1 1 -1 -1 < ITDOO 
E 1 < 500 
F 1 < 300 
Table 5. Acreage of potential drainage development, by land-resource area, current land use, 
and type of drainage, Texas, 1975 
Land-resource area 
Cropland 
Type of drainage 
On : : Major 
farm : Group : outlet 
Pasture 
Type of drainage 
On : : Major 
farm : Group : outlet 
Woodland 
Type of drainage 
On : ; Major 
farm : Group ; outlet 
Rio Grande Plain 
Blackland Prairies-
Coast Prairie-
East Texas 
Timberlands-
Bottomlands-
Total— 
1 ,000  
acres 
4.1 
43 .5  
676.9 
15.4 
149.9 
889.8 
1,000 
acres 
2 0 .3  
442.9 
11 .8  
130.1 
1 ,000  
acres 
623.9 
27.6 
847.6 
35.0 
119.9 
605.1 1,654.0 
1 ,000  
acres 
1 8 . 1  
37.7 
452.7 
1 6 . 1  
71.1 
595.7 
1,000 
acres 
4.2 
294.1 
14.5 
76.2 
389.0 
1 ,000  
acres 
156.3 
5.7 
562.8 
43 .2  
70.3 
838.3 
1 ,000  
acres 
19.7 
115.8 
177.3 
144.7 
457.5 
1 ,000  
acres 
3.8 
66,7 
81.5 
114.9 
266.9 
1,000 
acres 
5.2 
128.0  
241.2 
105.9 
480.3 
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Row A is the objective function or dollar cost per acre for each 
activity; row B is cotton production in pounds; row C is feed grain 
production in hundred weight feed units; row D is a specific soil 
group needing only on farm drainage; row E is the same soil group 
requiring group drainage; and row F is the same soil group needing 
major outlet works. The column vector numbers represent the produc­
tion possibilities. Hence, column vector 1 is cotton production and 
column vector 2 is feed grain production from a soil group with on 
farm drainage applied. There could be other crop production possibili­
ties using this soil group. Column vector 3 is the group drainage 
activity, column vector 4 is the major outlet activity, and column 
vector M is the restraint vector. 
In this example either cotton or feed grain may be produced at 
a level of 1,000 acres of on farm drainage. If the group activity 
is efficient and activity number 3 comes into the basis,the minus one 
transfers the 500 acres, at a cost of SI.22 per acre, into the farm 
drainage land restraint. Similarly, if the major outlet activity is 
efficient, activity number 4 transfers 300 acres, with a per acre 
cost of #4.79, into the farm drainage land restraint. Thus, the two 
transfer activities have accomplished the same results that would have 
required four new activities without the transfer; or if there were 
six crop producing activities it would require 12 new activities with­
out the transfer approach. 
This same approach was used for the added cost of converting 
pasture and woodland before it could be drained and used as cropland. 
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This applies to any of the development potentials that involve current 
pasture and woodland land use. 
The input-output coefficients available for drainage development 
were adequate in terms of the cost of drainage, but lacking in terms of 
expected yield increases. The drainage potential could not be handled 
as simply as irrigation. There was not a drained and undrained yield 
for the soil groups to correspond to the irrigated and nonirrigated. 
The potential yield increases were available only for cotton and grain 
sorghum production after drainage. This of course places some limita­
tion on measurement of economic efficiency for the drainage potential. 
However, cotton, wheat, and feed grains represent the major cropping 
activities, which tends to moderate this limitation. 
Flood control 
Increased agricultural production from flood-control projects and 
facilities is in two principal forms, a reduction in loss of agricul­
tural production due to flood damage and increased production from 
changes in land use made feasible by reduction of the flood hazard. 
Table 7 shows the potential acreage by land-resource area and major 
land use. These acreages represent flood-plain areas along tributaries 
subject to some degree of flood protection. Data were not available 
for flood-plains along major streams that could be provided some flood 
protection. 
The derivation of input-output coefficients for flood-control 
development was subject to difficulties encountered in both irrigation 
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Table 7. Acreage of potential flood control development by land-
resource area and current land use, Texas, 1975 
Land-resource 
area Cropland 
Land use 
] Pasture Woodland ] Total 
1,000 1,000 1,000 1,000 
acres acres• acres acres 
Grand Prairie 33.8 55.3 89.1 
Rio Grande Plain 34.4 58.7 — — — 93.1 
Rolling Plains, East— 69.6 95.2 — — — 164.8 
North Central Prairie- 8.8 27.5 36.3 
West Cross Timbers 41.2 103.8 — 145.0 
Blackland Prairies 257.1 307.0 — — — 564.1 
East Texas Timberlands 67.1 359.3 42.6 469.0 
Total 512.0 1,006.8 42.6 1,561.4 
and drainage development. Development costs were not available because 
project plans to provide flood protection for these acreages were not 
formulated. As an alternative means of estimating project costs, a 
number of work plans for the Public Law 566 watershed development pro­
gram were examined for flood protection costs. Only those plans for 
works of improvement within the seven land-resource areas listed in 
Table 7 were used. The data from these plans provided the basis for 
estimating an average annual cost per acre for providing flood protec­
tion. It would appear that these Public Law 566 programs would be 
appropriate for estimating the cost of tributary development. 
The data available for estimating the potential yield increases 
were comparable to the drainage development. Accordingly, the input-
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output coefficients were available only for cotton and grain sorghum 
production. As was mentioned previously, the extra cost of converting 
pasture and woodland to cropland was handled as a transfer activity. 
Land use conversion 
Major sources of additional agricultural production are those 
attainable from conversion of extensively used lands to more intensive 
uses, e_.3_. grazing land to cultivated cropland. This cannot be con­
sidered a water resource development potential, but it is an alternative 
means of meeting the projected output requirements. Therefore, in 
evaluating the economic efficiency of water resource development pro­
grams, potential land use conversion is an important alternative that 
should be considered. Failure to evaluate potential land intensifica­
tion may result in overstatement of benefits from the water resource 
potential. 
The potential acreage available for land use conversion is shown 
in Tables 8 and 9. The total acreage of 42,652,000 is greater than the 
acreage currently used for cultivated crop production in Texas (Tables 
3 and 4 total 38,425,200). Table 8 shows the distribution by land-
resource area and major land use. Table 9 shows the distribution of 
the same acreage by land-resource area and soil group. 
The necessary input-output coefficients to incorporate the land use 
conversion into the system of analysis were developed without major 
problems. Basically, all that was required was an average annual per 
acre cost of converting each of the four types of land use to cultivated 
Table 8. Acreage of potential land use conversion, by land-resource area and current 
land use, Texas, 1975 
Land-resource area 
Land use 
Open Brushy Tame 
Woodland Total 
High Plains— — 
Edwards Plateau, subhumid-
Grand Prairie 
Rio Grande Plain 
Rolling Plains, West 
Rolling Plains, East 
North Central Prairie 
West Cross Timbers 
Blackland Prairies 
Coast Prairie 
East Texas Timberlands 
Central Basin————————————— 
Bottomlands 
Total- 12,739.0 18,317.9 5,933.5 
1,000 1,000 1,000 1,000 1,000 
acres acres acres acres acres 
2,884.3 1,772.4 13.9 4,670.6 
1,099.2 967.2 — — — 141.1 2,207.5 
1,137.2 432.2 101.7 524.2 2,195.3 
1,541.0 8,940.5 49.8 237.0 10,768.3 
2,769.6 2,298.1 56.2 9.1 5,133.0 
639.5 1,435.9 29.7 7.7 2 ,112 .8  
955.8 1,419.9 11.9 195.9 2,583.5 
290.7 155.0 122.7 403.7 972.1 
355.5 404.8 1,884.5 672.2 3,297.0 
785.1 159.7 997.5 358.5 2,300.8 
159.3 85.5 2,314.3 2,579.6 5,138.7 
94.9 233.4 — — — 114.0 442 .3  
46.9 13.3 351.3 418.6 830.1 
5,651.6 42,652.0 
Table 9. Acreage of potential land use conversion, by soil groups and land-resource 
areas, Texas, 1975 
Land-resource area 
Soil group 
Total 
1 ,000  
acres 
1 , 0 0 0  
acres 
1,000 
acres 
1,000 
acres 
1,000 
acres 
1,000 
acres 
1 ,000  
acres 
1 ,000  
acres 
High Plains 467 .3 1 ,365. 9 2 ,092. 4 561. 3 183. 7 4 , 670. 6 
Edwards Plateau, 
subhumid -— — -— — 1 ,697. 1 - 398. 2 - 112. 2 2 ,207. 5 
Grand Prairie 140 .9 35 . 6 1 ,187. 5 - -- 707. 1 13. 5 110. 7 2 ,195. 3 
Rio Grande Plain -— —  944 .2 6 ,974. 9 1 ,984. 1 810. 3 20. 8 34. 0 10 ,768. 3 
Rolling Plains, West -— —  208 .3 1 ,973. 0 1 ,248. 7 1,109. 1 336. 8 257. 1 5 ,133. 0 
170 
228 
.5 357 
202 
. 4 854. 
, 545. 
3 137. 
75. 
2 558. 
428. 
0 
0 
22 .  
44. 
4 12. 
60. 
9 2 ,112. 
,583. 
8 
5 North Central Prairie .1 .2 1 4 5 2 1 2 
West Cross Timbers 23  .1 26 .1 417. 2 344 .  7 -  -- 9. 7 151. 3 972. 1 
Blackland Prairies 73 .0 1 ,271 .0 1 ,189. 6 10. 2 67. 6 384. 2 301. 4 3 ,297. 0 
Coast Prairie 292 • A 1 ,105 .9 545. 8 151. B - -- 195. 2 9. 7 2 ,300. 8 
East Texas Timberlands 160 .7 1 ,100 .3 1 , 395 .  2 1 , 606. 0 5. 0 608. 0 263 .  5 5 ,138. 7 
Central Basin 18 . 6 .5 267. 1 114. 0 21. 6 — - 20. 5 442 .  3 
Bottomlands 123 .7 7 .2 682. 2 17. 0 
— 
-
-
— -
830. 1 
Total- 1,231.1 5,726.0 20,095.2 7,781.6 4,656.2 1,634.8 1,517.1 42,652.0 
51 
cropland. Land clearing, fencing, and establishment of soil conservation 
measures are the principal items included in capital requirements of land 
conversion. The per acre conversion costs permit the land conversion 
to be treated as a transfer activity similar to the example shown for 
drainage development. 
There is another consideration of the land conversion that required 
a rather unique type of treatment. The potential acreages for land use 
conversion were primarily grazing lands, even the woodland contributed 
to grazing, which implies an opportunity cost of grazing foregone if 
converted to cultivated cropland. The grazing from permanent pasture, 
range, and woodland was not included as activities in the system, only 
a cropland grazing possibility. The grazing output from the total acre­
age of permanent grazing land was calculated, in terms of feed units of 
grazing, and subtracted from the total feed units of grazing required 
to sustain the projected livestock output. The remaining feed units of 
grazing were incorporated into the system to be satisfied from cropland 
grazing. The method of incorporating this opportunity cost of grazing 
foregone can best be explained by another matrix tableau example. 
Row 
identification 
Column vector or activity number 
1 : 2 : 3 : I\1 
A 1.20 20.00 67.00 
B 228 D 
C -3.0 12.00 
D -1 1 5 5?0DD 
E 1 < 2,000 
F 1 < 500 
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ROIAJ a is the dollar cost per acre for each activity, row B is cotton 
production, row C is grazing production, row D is a cultivated crop­
land base restraint, row E is a potential grazingland conversion 
restraint (same soil group as row E), and row F is a cropland restraint 
for another soil group. Column 1 is the conversion activity, column 2 
is a grazing production activity, column 3 is a cotton production 
activity, and column l\l is the restraint vector. 
Activity 1 shows that it will cost Si.20 to convert the grazing­
land to cropland and in the process also give up 3.0 cwt. feed units 
of grazing in order to transfer one acre into the cropland restraint. 
Activity 2 indicates that it will require one-fourth of an acre of 
cropland grazing to replace the permanent grazing given up in the 
conversion process (a yield of 12.0 vs. 3.0), or $5 per acre in terms 
of an opportunity cost. Activity 3 is cotton production possibility 
which could utilize the converted acres. The real cost of obtaining 
one more acre for cotton production by land conversion is $1.20 con­
version cost plus $5 opportunity cost. 
Projected Crop Yields 
Improvement in technology has been the chief source of increasing 
agricultural output, especially during the last three decades. The 
improvements in technology, at the farm level, have resulted from 
scientific developments, educational and technical assistance programs, 
and improved managerial skills of farm operators. Production tech­
nology is considered to encompass all factors that result in increased 
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agricultural production other than resource development and major 
land use changes. This includes improved crop varieties, improved 
methods of insect and weed control, application of soil and water con­
servation practices, and intensified fertilizer usage. 
The basis or starting point for the projection of yields was 
supplied to the Texas Agricultural Experiment Station by the Soil Con­
servation Service and the Economic Research Service, U.S. Department 
of Agriculture. Estimates of current average yields and rate of ferti­
lizer application for each crop within each land-resource area and for 
each soil group were supplied by the Soil Conservation Service. These 
yields were "normalized" or adjusted to current normal or average over­
all production rates as reported by the Crop Reporting Board of the 
U.S. Department of Agriculture. 
Projections of crop yields for 1975 were based on a careful con­
sideration of the results, and the implications for the future of the 
research program of the Texas Agricultural Experiment Station. Scien­
tists working with the various crops and in the related subject matter 
fields were consulted. Their judgments as to the effects of their 
research, and of other research with which they are familiar were in­
corporated into the yield projections. 
In making these projections, average weather was assumed, as were 
the current price relationships of inputs and outputs. Also under­
lying these projections is the assumption that new technology will be 
adapted at a faster rate than in the past. The latter assumption is 
based on the belief that there will be a substantially smaller number 
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of commercial farms; that these farms will be larger, more specialized, 
and better managed; and that there will be a closer working relation­
ship between producers and research workers. The resultant projections 
of crop yields and the associated application of fertilizer, represent 
the best estimates of an "average" farm under "average" conditions ex­
pected to prevail by 1975. It should be noted that these projected 
yields with fertilizer rates imply an optimum point on a fertilizer 
function. Some of the limitations associated with this will be dis­
cussed later. 
Production Costs 
The development of adequate production cost information is equally 
as important for this study as crop yields. The data necessary for 
the construction of production cost coefficients are generally more 
available and relevant than yield information data. Several studies 
are available concerning production practices, cost of machinery and 
power, material costs, harvesting costs, irrigation costs and etc. 
Some of these studies and sources of information will be noted only in 
the bibliography. 
The general method used was to develop a basic budget for each 
crop by land-resource areas or a combination of areas on the basis of 
close similarity in farming operations. Cost variations between soil 
groups consists of differential rates of fertilizer usage and harvest­
ing costs that are directly associated with the level of output. All 
other production costs were considered to be identical for all soil 
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groups within a land-resource area. Crops produced under both irri­
gated and nonirrigated conditions required a basic budget for each. 
The determination of average production practices or cultural 
operations used in the budgets were taken primarily from a series of 
studies done by the Texas Agricultural Experiment Station (1, 2, 3, 4, 
8, 9, 10, 11, 18, 19, 20, 21, 22, 23, 26, 28, and 40). These studies 
also provided the labor and machinery time requirements, rates of 
seeding, and other information necessary for the construction of de­
tailed budgets. Hence, this information provides the base for deter­
mining typical cultural practices by areas for each crop and the cor­
responding hours per acre of machine use and labor to perform each 
operation. 
Machine and power costs were taken primarily from the S-42 re­
gional project (6 and 24). Some adjustments were made to arrive at 
per acre cost- figures that would include overhead items that are nor­
mally budgeted on a per farm basis. Machinery costs were inflated to 
include a 6 percent interest charge on capital uaiue of machines; 1 
percent tax on machinery; and l/2 of 1 percent insurance on machinery. 
Machine labor costs were inflated by 20 percent to allow for preliminary 
preparation and maintenance and power costs were inflated by 10 percent 
to allow for preliminary preparation and movement to the field. 
Labor rates were developed primarily by consultation with experi­
enced research personnel of the Texas Agricultural Experiment Station. 
Differential rates between areas and between machine operator labor 
and "hand" labor were used as indicative of differences in the regional 
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supply, demand, and productivity of farm labor. This differential 
for machine operator labor was 45 cents per hour between the highest 
cost area and lowest cost area. For the hand labor the range was only 
20 cents per hour between the high and low area. The differential 
between machine operator labor and hand labor was from 10 cents to 35 
cents per hour within a given area. 
Material costs consisted of seed, fertilizer, insecticides, and 
chemical weed killers. The cost per unit for seed, insecticides and 
weed killers were not varied for the different land-resource areas. 
Of course the rate of application varied between areas and hence, the 
per acre cost varied. The unit cost of nitrogen fertilizer was varied 
for three groups of land-resource areas. Phosphorous and potassium 
unit costs were constant for all areas. The rate of fertilizer applica­
tion was estimated for each soil group, and in fact generally represents 
the major part of the cost variation for a given crop between soil 
groups. 
Harvesting costs were broken out separately in the budgets because 
they make up the rest of the per acre cost variations between soil 
groups. Harvesting costs as used in the budgets include the on-farm 
hauling costs. Cotton harvest costs vary primarily by yield but do not 
vary appreciably between areas. They do vary between irrigated and non-
irrigated primarily because of more hand harvesting on irrigated cotton. 
Much of the cost of harvesting grains does not depend on the yield, the 
type of crop, nor the area. The hauling cost portion of the harvesting 
cost was all that was varied according to the yield of grain. Most of 
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the cost of harvesting hay and forage crops depend upon the yield. Hay 
harvesting costs were comparable between types of crops and areas, as 
were the forage harvesting crops. Accordingly these costs were budgeted 
on a per unit output basis. 
Irrigation costs were handled in two parts. The costs of irrigation 
associated with providing ditches, greater cultivation, etc., were taken 
care of in the typical cultural practices. The costs of the irrigation 
system per se were treated separately. These costs are generally equi­
valent to the costs of bringing water to the edge of the field and were 
used for the estimated costs of potential irrigation development. These 
costs were separated into an overhead cost, annual per acre cost of the 
capital investment, and an annual per acre operating cost. These costs 
varied by areas, but not by crops except for rice. 
A land cost was not included in the crop budgets as part of produc­
tion costs. The solution to the dual of a minimum cost model would be 
land rents which could be capitalized into a land price. This is con­
sistent with the Egbert and Heady study (5) except for one of their five 
models. A study by Saupe (29) concerning efficient organization of the 
farm industry did not price land prior to the analysis, but imputed a 
residual earnings to land to be capitalized into a land value. 
No charges were made for management or risk bearing for any of the 
potential sources of production. The exclusion of these charges does 
not detract from the resulting comparisons and is generally consistent 
with current practice in the economic evaluation of agricultural water 
projects. Since the input-output coefficients used for this analysis 
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are estimates of an average farm situation, a charge for management 
would be equivalent to adding a constant factor to both the with and 
without development alternatives and would not alter the relative eco­
nomic efficiency comparisons. 
Projected Requirements for Agricultural Commodities 
A guiding principle for economic analysis of resource development 
previously mentioned is that the goods or services to be produced have 
value only to the extent that there will be need and demand for the 
product. The application of this principle to a regional study requires 
consideration of the total demand for the products produced in the re­
gion and a determination of an appropriate share of the total demand 
for each commodity to be produced in the region. When dealing with a 
projected time period this task becomes increasingly difficult. Thus, 
two major problems must be faced; first, the estimation of total demand 
for agricultural products that would have an effect on the region under 
study; and second, defining and estimating an appropriate regional share 
of the total product requirement. 
National requirements 
Expanding national requirements for agricultural production result 
from four major economic forces. These are growth of population, rising 
per capita disposable income, changes in consumer preference which in­
fluence trends in per capita use, and growth of foreign demand. Accord­
ingly, projections of product requirements necessarily rest upon certain 
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basic assumptions with respect to population growth, labor force, 
employment, gross national product, personal income, and others, Most 
of this framework of assumptions and the resulting per capita utiliza­
tion rates were adapted from studies done by the Outlook and Projec­
tions Branch of the Economic Research Service, U.S. Department of 
Agriculture for "Land and Water Resources: A Policy Guide" (35). Some 
of the assumptions and resulting projections for 1980 contained in that 
report (36) include (a) a 45 percent increase in population over the 
1960 population; (b) a 50 percent increase in disposable income over 
the 1960 level, in constant dollars; (c) the increase in population and 
an increase in per capita consumption resulting from the increase in 
disposable income, results in an expected increase for farm products 
of 50 percent from 1950 to 1980; and (d) a 30 to 35 percent increase 
expected in export of farm products, due largely to expanded Food for 
Peace programs. The adaptation of this framework of assumptions to a 
1975 target date was revised and approved by the Outlook and Projections 
Branch, for the investigations undertaken by the Economic Research Serv­
ice for the Texas Study Commission. The same set of projections were 
used for this study. 
The population projection for 1975 used in the Texas Study Com­
mission Report (37) was 226 million. Since by that time a larger pro­
portion of the population will be within the working age group than at 
present, both the labor force and total employment are projected to rise 
even more rapidly than the population. These employment rates assume 
about 4 percent unemployed for the projected period. Labor force 
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growths and projected gains in productivity per worker are estimated 
to result in an increase of gross national product to almost S900 
billion, in 1960 prices, by 1975. This represents a growth rate of 
about 4 percent per year from the 1958-60 period. Per capita income 
was estimated to increase at a rate of about 2 percent per year in 
constant dollars. 
The domestic per capita utilization of major farm products was 
projected largely on the basis of growth in per capita income and its 
estimated influence on per capita utilizat'on as well as apparent trends 
in consumer's preference. Income elasticities of demand were estimated 
statistically for the major farm commodities and no change in relative 
prices were assumed in projecting per capita requirements for food and 
fiber. 
Foreign demand for farm products depends on many variable and 
complex factors that are difficult to predict. The projections of net 
exports were based on these assumptions; (1) Population growth in 
accordance with revised United Nations' projections; (2) absence of 
major wars resulting in widespread devastation of agricultural resources 
or large population losses; (3) some continued improvement in real per 
capita income; (4) continued expansion in allocation of resources to 
agricultural production about in line with growth except in the Far 
East, where half the world's population lives and resources are most 
seriously limited; and (5) a continuation of present levels of consump­
tion except in areas of lowest per capita income, where some improve­
ment in diet may be required to maintain stability. 
61 
Total requirements for the national farm output for 1975 were 
estimated by combining the domestic requirements and the net export 
requirements based on the economic framework and methods just described. 
This completes the first step in arriving at some regional allocation 
of agricultural output. 
Regional requirements 
Ideally, a regional projection of output requirements would specify 
the quantity of given products from the region that would per'mit and 
facilitate the achievement of national production requirements at 
minimum cost—that is, a pattern of production and distribution that 
would satisfy future markets at the lowest expenditure of economic re­
sources. This defines an appropriate regional share of total output. 
One method to accomplish such a regionalization would require the same 
detailed level of input-output data for the entire nation as used for 
a regional study. It would also require a system of analysis many times 
larger than needed for a regional study with corresponding increases in 
research resources. Since such an approach is infeasible for this study, 
an alternative procedure for estimating regional requirements was used. 
A series of tables were prepared for each of the major commodity 
groups showing the annual quantity produced in Texas and in the United 
States for the years 1940 to 1959. The source of these data were the 
crop and livestock reports issued by the Crop Reporting Board of the 
U.S. Department of Agriculture. The percentage of the United States' 
output that has been produced in Texas was computed for each commodity 
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group. These percentages were graphically depicted as time series as 
an aid to estimating a projected proportion for the State of Texas. 
Some additional data were assembled relating to available land re­
sources in competing areas for specialty crops, agricultural output 
by farm production regions, and various commodity situation reports. 
These materials were provided to commodity specialists in the U.S. 
Department of Agriculture. They reviewed the historical relationships 
and projected a percentage or share of the national requirements that 
Texas could be expected to contribute, considering prospective shifts 
in production and market centers as a result of new technology and 
their differential regional effects on production trends. 
This method is similar to that used by Saupe (29) in developing a 
regional demand. Saupe used an aggregation of agricultural output in 
terms of dollar value; computed historical percentages for region to 
National total; and used regression analysis of the percentage figures 
on time to estimate a regional share. For this study, however, individ­
ual commodities were needed and the judgment of commodity specialists 
was considered superior to a statistical projection in this case. 
Tables 10 and 11 show a historical trend of production using five-
year averages for the major livestock and nonfeed crops for Texas and 
the United States and the 1975 projected requirements. The projected 
requirements for the United States are the result of multiplying the 
per capita utilization rates by the population projections, plus the 
net exports. The projected requirements for Texas were derived by 
applying the projected Texas percentage of national output to the 
Table ID. Production of major livestock products by 5-year averages, 1940-59, and projected 
requirements 1975, Texas and United States 
Time period Beef and 
veal^ 
Lamb and 
muttonl ' 1 " : Pork ; 
Dairy ^ : 
products : Poultry^ : Eops 
Million Million Million Million Million 
pounds pounds pounds pounds pounds Million 
1940-44 
T exas 1,731 249 584 4,283 212 2,866 
United States 18,033 2,142 20,319 115,415 4,073 48,659 
1945-49 
T exas 1,866 203 463 3,597 196 2,952 
United States 19,064 1,580 18,685 116,623 4,533 55,724 
1950-54 
Texas 2,312 142 357 3,189 278 2,544 
United States 24,819 1,465 19,279 117,554 5,750 58,382 
1955-59 
Texas 2,421 143 324 2,969 417 2,311 
United States 27,757 1,601 19,644 124,764 7,487 60,783 
Projected 1975 
T exas——————— ——— — — 3,909 217 432 2,900 566 3,123 
United States 43,437 2,170 28,792 168,596 10,283 82,174 
Live-weight basis. 
^Milk basis. 
Table 11. Production of major nonfeed crops by 5-year averages, 1940-59, and projected 
requirements 1975, Texas and United States 
Time period 
Wheat 
: 
Rice ; Cotton 1 ' Oil crops : 
Citrus ; 
fruits : 
Other fruits 
and nuts3 
: Vege-, 
, , ^ 4 
: tables 
Million 
bushels 
1,000 
cwt. 
1,000 
bales 
Million 
pounds 
Million 
pounds 
Million 
pounds 
Million 
pounds 
1940-44 
Texas-
United States— 
48 
926 
7,045 
27,380 
2,879 
11,957 
289 
12,967 
1,496 
10,562 
103 
4,574 
2,208 
51,928 
1945-49 
T exas-
United States--
75 
1,202 
9,476 
35,485 
3,219 
12,104 
399 
16,816 
2,076 
13,280 
85 
5,163 
2,744 
57,872 
1950-54 
T exas-
United States— 
26 
1,094 
14,198 
50,026 
3,014 
14,089 
209 
21,494 
371 
13,264 
39 
4,420 
2,220 
56,898 
1955-59 
T exas-
United States— 
41 
1,096 
12,387 
49,168 
4,019 
13,042 
248 
32,679 
405 
14,309 
49 
4,748 
2,546 
61,523 
Projected 1975 
T exas —— 
United States— 
54 
1,078 
14,862 
59;448 
5,260 
17,532 
405 
40,541 
1,645 
23,495 
48 
3,981 
3,056 
76,397 
Peanuts, soybeans, and flaxseed. 
Oranges and grapefruit. 
Peaches, pears, and pecans. 
Includes potatoes and sweet potatoes. 
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projected requirements for the United States. 
The requirements for feed crop production were derived indirectly 
from the projected requirements for livestock products. Present and 
projected feeding efficiencies were developed by the Texas Agricultural 
Experiment Station. These feeding efficiencies were given in terms of 
feed units required to produce a pound of the various livestock products, 
with a feed unit defined as equivalent in feeding value to one pound of 
corn. Multiplying the projected feeding efficiencies by the pounds of 
livestock products results in the total feed unit requirements to produce 
the required livestock for Texas. Some of these feed units are types 
of feeds that would not be produced in Texas or are by-products of com­
modities that already have a requirement estimated. High-protein feeds, 
seeds and milk, and other by-product feeds were deducted from the total 
feed unit requirements. According to work done by Jennings (12), these 
three feeds made up about 10 to 12 percent of all feeds consumed by 
livestock during the last 25 years. Considering the past trends, this 
group was estimated to be about 13 percent by 1975. The feed grains and 
roughages, for which production requirements are needed, would make up 
87 percent of the total projected feed unit requirement for livestock 
output. 
The total feed grain requirement for Texas was derived in the same 
manner as the nonfeed crop requirements, i.e., a percentage of national 
requirements. Texas is a surplus feed grain producing area; therefore, 
the requirements for roughage production could not be determined by 
subtracting the feed grain requirement from the total feed unit 
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requirement derived from the livestock requirements. In order to 
determine a reasonable proportion of grain on roughages, another report 
by Jennings (13) was used which shows the relative use of feeds for 
livestock by states. Based on this material it was estimated that 
25 percent from grain and 75 percent from roughage would represent a 
reasonable proportionality for the feed unit requirement for livestock 
output in Texas. 
The production of roughage crops for livestock feed consists of 
three major groups of crops. Hay crops, silage or forage crops, and 
grazing make up these three major groups. Within certain limits these 
three groups may be considered substitutes in a livestock enterprise 
depending on the relative cost of producing the types of roughage, the 
type of livestock enterprise, and the price relationship of the livestock 
output. To set up such a substitution possibility for this study was 
beyond the limit of time and resources available. The alternative 
approach employed was to establish the relationship between these three 
groups for the current normal production situation for Texas and use the 
same proportions for the 1975 roughage requirements. 
Coefficient Determination 
Some of the basic input data discussed in the previous sections 
were in the proper form for the programming coefficients. However, much 
of the basic data required some conversion process or slight adjustments 
to be transformed into programming coefficients. Also, as was previously 
mentioned, some aspects of the analysis were handled outside of the 
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programming model. This section will briefly summarize the procedures 
followed in arriving at the input-output coefficients for the program­
ming model. 
There were eight groups of nonfeed crops used in determining pro­
jected requirements. These were: (l) Wheat, (2) rice, (3) cotton, 
(4) oil crops, (5) citrus fruits, (6) vegetables, (7) other fruits and 
nuts, and (8) other nonfeed crops. Citrus fruits, vegetables, and other 
fruits and nuts were handled outside the programming system, but the 
other five each had a restraint equation in the system. 
Citrus fruit was excluded from the system because it is produced 
only in the Rio Grande Plain resource area and on only one soil group 
under irrigated conditions. Since there were no production alternatives, 
nothing could be gained by including citrus in the system. Accordingly, 
the acreage required to meet the projected requirement was deducted 
from the soil group availability. 
Vegetables and other fruits and nuts were excluded for two reasons. 
They each consist of several individual crops which are heterogeneous 
with respect to yields and production costs; and they represent a rela­
tively minor portion of the total crop acres. An allowance was made 
for the acreage they would require based on the current cropping pattern 
and a relationship between the percentage increase in requirements and 
the estimated percentage increase in yields. The resulting acreages 
were deducted from the appropriate soil groups. 
The other nonfeed crop group required some special manipulations 
to arrive at the necessary input-output coefficients. This is a catchall 
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group to account for miscellaneous crops not contained in the other 
groups such as rye, grass seeds, dry peas and beans which were not 
included with vegetables and others. A composite dollar value yield 
from cotton, wheat, rice, and peanuts (peanuts were used as representa­
tive of oil crops) was constructed and weighted by the current normal 
acreage of each crop for each soil group- A current normal price was 
used to get a value per acre for the four crops. The resulting value 
was used as a yield for other nonfeed crops. A production cost was 
similarly computed from a weighted average of the four crops. Deter­
mining the requirements for other nonfeed crops was handled in a similar 
manner using the current normal state average yields for these four 
crops, weighted by acreage of each, and derive a value per acre figure. 
This value was multiplied by the current normal state acreage for other 
nonfeed crops to get a requirement in terms of dollars. A projected 
percentage increase was developed, based again on the four crops, to 
estimate the 1975 requirements. 
The procedure could be stated in a general equation form as 
(3.1) < Y. . P. A. . 
^ (i - 1,2,3,4) 
(j - 1,2,3,. . .jn) 
(3.2) IC A 
C (i = 1,2,3,4) 
'oj 4 (j = 1,2,3,. . . jn) 
where 
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Y . = Derived yield for other nonfeed crops on the j-th soil 
0 1 
group 
C . = Derived cost per acre for other nonfeed crops on the j-th 
soil group 
Yield of i-th crop on the j-th soil group 
P. 
1 
Price of output for the i-th crop 
"ij 
- Current acreage of the i-th crop on the j-th soil group 
= Cost per acre of the i-th crop on the j-th soil group 
i = 1 = Cotton 
i = 2 - Wheat 
i = 3 = Rice 
i = 4 = Peanuts 
The livestock products included the six groups which are listed 
in Table 10. The exclusion of livestock activities in the programming 
system was previously mentioned. Also the method of converting live­
stock products to feed unit requirements was discussed in the preceding 
section. 
The feed crops were represented by eight groups as follows: 
(1) Corn for grain, (2) grain sorghum, (3) oats and barley, (4) alfalfa 
hay, (5) other tame hay, (6) silage and forage, (7) small grain pasture, 
and (B) other cropland pasture. The yields for these groups were all 
converted to feed units based on their relative value, compared to corn, 
when fed to livestock. The conversion factors used were those developed 
by Jennings (12). After this conversion was done the eight groups were 
combined into four groups in terms of restraint equations. Corn for 
grain, grain sorghum, and oats and barley were combined as feed grains. 
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Alfalfa hay and other tame hay were combined for the hay portion of 
roughage and the two pasture groups were combined into the grazing 
restraint. 
The estimated yields and the cost budgets developed were on the 
basis of a harvested acre. For most of the crops, especially under 
nonirrigated conditions, there is some abandonment and for the wheat 
production a significant fallow acreage in the western sections of 
the State. County data were available for cotton and wheat, showing 
the acres planted and acres harvested for a historical p^eriod. From 
these data, a harvasted-planted ratio was established for these crops 
by land-resource areas. The yields and production costs were adjusted 
in accordance with these ratios. The yields were adjusted to a planted 
acreage basis and production costs reduced to correspond to the lower 
yield. 
Information on the harvested-planted relationship for feed grains 
and oil crops was available only on a State basis. Differentials be­
tween land-resource areas were established using the wheat relationship 
for small grains and the cotton relationship for row crops. For 
cropland pasture, hay, and silage and forage, the planted and harvested 
acres were assumed to be identical. 
Production of wheat in the High Plains, Edwards Plateau, and 
Rolling Plains, West, land-resource areas is normally carried out 
under a summer fallow program. To account for this in the program­
ming system, land coefficients greater than one were used. The produc­
tion cost coefficients were increased to account for the normal tillage 
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operations of land in fallow. 
Data Limitations 
Two general types of data limitations will be discussed. One 
type is the omission of data that would theoretically improve the 
analysis, and the other type is concerned with the degree of refine­
ment for the coefficients that were used. 
Transportation costs included in the production cost budgets 
represent only the farm to local market costs. The omission of trans­
port costs to central markets, or other points of final distribution, 
no doubt results in a different optimal cropping pattern than if the 
costs were included. The degree of change in cropping pattern would 
vary by commodities, with a minor degree associated with the high value 
per volume commodities such as the small grains, and a greater degree 
for such commodities as hay and silage. Although the lack of complete 
transport costs will inject a bias into the cropping pattern, the same 
bias is imposed on all resource development alternatives. The relative 
efficiency among the alternatives would be affected much less by the 
absence of transport costs than an estimation of expected cropping 
patterns. 
The current utilization of cropland in Texas, as determined by the 
Conservation Needs Inventory and supplemental data collected for Texas 
Study Commission analysis, had in excess of five million acres in idle 
and fallow land. Part of this unused cropland was a result of the land 
retirement programs of the U.S. Department of Agriculture. No assumption 
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was made with respect to similar programs which might be in existence 
for the 1975 time period. Furthermore, no alternative use of land 
other than agricultural production was considered for this study. Esti­
mated requirements for urban and industrial use were made for 1975, as 
was previously mentioned, but these acreages were withdrawn from the 
resource base available for agricultural production. There would be 
other alternative uses for land area such as wild life areas, parks, and 
many recreational possibilities. However, for the purpose of this study 
the land base is either used for agricultural production or it is idle 
land. 
This may be the most serious data limitation, given the objectives 
of this study. Resource development might benefit these alternative 
land use possibilities as much or more than ani-icultural production 
possibilities. The analysis of alternative uses of land, other than 
agriculture, would be a major project in itself with the same level of 
detail used in this study. Time and resources would not permit the 
inclusion of such an analysis for this study. 
Data limitations of the refinement type are directed to the techni­
cal production coefficients derived. Although the classification of 
soil types for the development of coefficients used in this study is 
an improvement over studies using regional coefficients, they are still 
rather large, heterogeneous groups. A further disaggregation of the 
soils and/or some differentiation for type of farm classification would 
be an added refinement. 
Perhaps a more significant limitation is one mentioned in the 
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section discussing yield projections, concerning a projected fertilizer 
function. The projected yields and associated rates of fertilizer were 
estimated to be those levels achieved by the "average" farmer in 1975, 
assuming the current cost-price relationship. If a range of points had 
been given, i.e., a projected fertilizer function, then alternative 
cost-price relationships could have been programmed and some indication 
of efficiency gains attributable to different levels of fertilizer ex­
amined. Unfortunately such a projected function was not estimated. 
A final limitation to be mentioned concerns the use of the current 
price relationship for factor inputs. Projected prices based on some 
expected technology improvements would be an improvement. Such a set 
of prices were not available for use in this study. Again this situa­
tion applies to all resource development possibilities and should not 
be imposed severely on the measure of relative economic efficiency. 
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APPLICATION OF MODEL WITH RESULTS 
The cost minimizing model used for the study, when structured for 
a linear program solution by the simplex method, ranged from a matrix 
size of 130 by 439 for the without development situation to 527 by 
1,558 for the problem considering all resource development alternatives. 
When dealing with a system of analysis requiring in excess of 500 
equations, maintaining the accuracy of the input-output coefficients 
during preparation for the computer solutions can be a major problem. 
This was a clerical task with little relevance to the method of analy­
sis used. Problems associated with structuring the system of analysis 
to obtain a consistent set of equations and imposing the economic 
criteria for resource development alternatives, represent a significant 
part of this study. 
The problem of developing a consistent set of equations, that is, 
a set of equations for which a real solution exists, was not a diffi­
cult task for this study. Although the number of equations was large, 
the number of activities was relatively low. The small number of inter­
action activities used in structuring the system also contributed to 
the simplicity. If the livestock commodities had been included as 
activities in the system, with feed crop producing activities providing 
inputs into the livestock activities, this would have introduced more 
complexities into the system. 
The use of transfer activities, discussed previously, for some of 
the resource development alternatives represent the only interaction 
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activities used for this study. The development of these activities 
was accomplished in three steps. First, a statement of the resource 
development potential in terms of the land resource base affected, 
the input-output coefficients without the development, and the ex­
pected change in the coefficients after development. Second, expressing 
the statement in the form of equations, using the greatest level of 
detail available. Last, transposing the equations to the matrix format 
of the simplex method. This systematic process facilitated the construc­
tion of the transfer activities and maintaining a consistent set of equa­
tions. 
The solution obtained from the first computer run, revealed a 
major deficiency with respect to economic consistency. The optimal 
solution, minimum total production cost, was achieved while utilizing 
only about 25 percent of the irrigated land resource base which was 
available without development programs. The remaining 75 percent was 
unused or idle capacity. This situation would not be expected to occur 
if the irrigation systems were installed prior to the production period 
being considered. However, the irrigated crop activities in the system 
of analysis made no distinction between the costs of the irrigation 
system and the rest of the production costs. Therefore, the activities 
for irrigated crops in the first solution implicitly assumed the irri­
gation system was not installed prior to the production period. This 
was not the intent of the analysis. It was assumed that the irrigation 
systems were operational to permit irrigated cropping on the total acre­
age designated in the irrigated land resource base. 
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Risk and uncertainty also affect the economic considerations of 
an irrigation system. No attempt was made to place a value on the 
reduction of risk and uncertainty in connection with crop production 
under irrigated conditions. It is commonly recognized that entre­
preneurs operating under some capital limitation may be willing to 
accept a lower average net return, over the long-run, in order to 
achieve a more stable net return from year-to-year. Accordingly, an 
irrigation system may be installed to prevent the occurrence of a net 
operating loss for any given year, even though the probability of 
occurrence may be as low as .2 or twice in 10 years, and the average 
net returns over this 10 year period would be greater without the ir­
rigation system. This is another reason for rejecting the 75 percent 
unused irrigation capacity as computed from the first system. 
Another factor which may have contributed to the idle irrigated 
capacity is the yield projections. A greater relative increase in 
nonirrigated yields would result in the type of solution obtained, 
since the relative production costs between irrigated and nonirrigated 
were not changed. Whether this did in fact occur could not be deter­
mined. 
The unused irrigated land base should not remain unavailable for 
crop production, even though it may be too costly to utilize as irri­
gated cropland. Generally, the more productive soils are used for 
irrigated crop production and should be permitted the alternative 
utilization of nonirrigated crop production. This was not a possibility 
as the system was structured for the first solution. 
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The system of equations was restructured after the first computer 
run, to remove the deficiencies discussed above. Because of the 
particular computer program used for this study, a slightly different 
procedure was necessary. For most linear programming systems the 
slack vectors, or disposal activities, must be created just as the 
real activities or production possibilities are created from the input-
output coefficients. This would permit placing a cost element on a 
particular slack vector to impose a cost of not using a particular re­
source restraint. The LP-90 system, a comprehensive linear programming 
system developed by the Corporation for Economic and Industrial Research, 
was used for this study. This system automatically creates the slack 
vectors for each equation in the problem, appropriate to the type of 
equation, i^.e_. equal to or greater than, equal to or less than, and 
strict equality restraints. Obviously this automatic creation of slack 
vectors would be without costs. 
The irrigation resource restraints were originally set up as equal 
to or less than inequalities. These were changed to equalities with 
two additional activities created for each irrigation resource equation. 
One activity would permit the irrigated land resource to remain idle 
with a cost equal to the overhead cost per acre of the irrigation 
system. The other activity would permit the irrigated land resource 
to transfer to a nonirrigated land resource, also with a cost equal 
to the overhead cost per acre of the irrigation system. 
The change to equality restraints and inclusion of the idle ir­
rigated land activity and its associated cost force an irrigated crop 
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activity into the solution even though a lower cost alternative is 
possible, as long as the differential cost between the two alterna­
tives is less than the overhead cost of the irrigation system. Another 
way of stating it is if the added cost of not using the irrigated land 
base (which is the overhead cost of the irrigation system) increases 
the total production cost more than if an irrigated crop activity were 
used, then obviously the crop activity should be used. 
The inclusion of the transfer activity permitting an irrigated 
land base to be used as nonirrigated, subject to the overhead cost of 
the irrigation system, is necessary to account for all possible alter­
natives. A simple example might clarify this. Assume that the best 
alternative crop producing activity for a specific irrigated soil group 
would increase the total production cost by ten dollars per acre more 
than an alternative activity for producing the same crop. Assume fur­
ther that the overhead cost of the irrigation system is eight dollars 
per acre. Then it would be more efficient to leave the irrigated land 
idle since that would increase the total production cost by eight 
dollars per acre. But the same soil group as nonirrigated cropland 
may be used for a specific crop with a resulting shadow price of five 
dollars per acre, ^ .e_. another acre of that soil group would reduce 
the total production cost by five dollars. Thus, by permitting the 
irrigated soil group to transfer to nonirrigated, the increase in total 
cost would only be three dollars per acre as opposed to eight dollars 
per acre if forced to idle irrigated. 
The economic logic for this procedure relies on the assumptions 
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that the capital expenditure For the irrigation systems was incurred 
prior to the production period under consideration and that the farm 
firms are willing to incur a cost in exchange for a reduction in risk 
and uncertainty. The first assumption would appear to be valid since 
the projected irrigated land base was derived from the current irri­
gated acreage less the encroachment of urban and industrial land re­
quirement. The second assumption would certainly be valid in a general 
sense. Only when a specific dollar value is assigned to the reduction 
of risk and uncertainty does it become questionable. 
The items included in the overhead costs of the irrigation system 
are annual maintenance, upkeep, and depreciation. These are costs that 
would be incurred even if the system was not used for a given year, but 
expected to be used in succeeding years. The maintenance and upkeep 
are out-of-pocket expenses that must be incurred every year if the 
irrigation system is to remain in an operative condition. The depre­
ciation item is not necessarily an out-of-pocket type expense to be 
incurred every year but is an allowance to account for capital expendi­
tures to replace parts of the irrigation system as their useful life 
is exhausted. 
The inclusion of a depreciation item in the overhead costs might 
be challenged on the basis that this is a decision to be reached at the 
time replacement parts are necessary. This would seem to permit the 
decision to rest on future expectations rather than a historical ac­
cumulation of year-to-year decisions. In this way the capital expendi­
ture would be treated as a "sunk" cost where once the decision has been 
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reached to incur the capital investment, further consideration of 
this cost is not necessary for relevant operating decisions. This 
would be true for the cost of drilling an irrigation well, since there 
is little alternative use value for an irrigation well. However, the 
cost of drilling a well was not included as part of the depreciation 
in the overhead cost item. A depreciation allowance was made for the 
pump, motor, pipes, sprinkler system and other equipment necessary to 
operate an irrigation system. This type of equipment does have alter­
native use value (they could be sold to other irrigation enterprises). 
Therefore, under the assumption that irrigation systems were operable 
for the designated irrigated land base, a depreciation allowance is a 
necessary cost of maintaining the irrigation systems. 
The imposition of the overhead cost of an irrigation system on 
the two alternative uses for irrigated cropland is implicitly placing 
a value on risk and uncertainty reduction. For the irrigated crop 
activities that wpuld not have been in the optimal solution without 
the equality restraints on irrigated land base, the added cost of 
forcing the activities in might be considered an imputed value of 
risk and uncertainty reduction. This imputed value could range up 
to the overhead cost item. In those cases where the alternative 
activities (idle irrigated or reversion to nonirrigated crops) were 
in the optimal solution, the continued maintenance of the irrigation 
system would seem questionable. 
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Predevelopment Base 
The economic evaluation of alternative resource development 
potentials implies some base or bench mark situation as a reference 
point. Potential economic efficiency may then be measured as a de­
parture from the established reference point. A common practice is 
to survey the current situation to establish a reference point. This 
was not an appropriate procedure for this study which is a static 
analysis of a future time period. 
The base situation, or reference point, for this study uuas com­
puted by using the minimum cost model and technical coefficients de­
veloped, but excluding any coefficients or restraint equations per­
taining to resource development potentials. Accordingly, the base 
situation is an optimal production plan for meeting the product demands 
without resource development considerations. This approach facilitates 
the evaluation of economic efficiency gains attributable to the various 
resource development alternatives. 
The application of the model to the empirical data can best be 
explained with a matrix tableau example. Table 12 is a symbolic illus­
tration of the matrix setup for computer computation of the bench mark 
situation. The C's represent the per acre cost of the production 
activities and the Y's represent the per acre output or yield. The 
land requirement for each activity is one acre, to correspond with the 
per acre cost and yield coefficients. The demand restraints for the 
nine commodity groups are expressed as strict equalities. The land 
restraints are set up such that the level of all activities using a 
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Table 12. Tabular illustration of model for optimal production with­
out resource development - identity matrix omitted 
Activities Restraints 
c C C C C . C . C C C = Cost 
Y 
Y 
Y 
Y Y 
Y 
Y 
Y 
Y 
Demand 
: cotton 
wheat 
oil crops 
rice 
other nonfeed 
feed grains 
hay 
silage 
grazing 
1 1 1 
1 1 . 1 
1 1 
Land units 
1 1 
2 
1 : ; 
particular soil group must be less than or equal to the acreage avail­
able in that soil group. 
The relationship between the equations of the general model, as 
previously developed in this report, and the programming tableau, as 
illustrated in Table 12, can now be shown. The level of each activity, 
which is the acres of a specific soil group used in the production of 
the commodity for that activity, multiplied by the corresponding C, 
the per acre cost of production, and summed for all activities represents 
the objective function to be minimized. This satisfies equation (2.1) 
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which was to minimize a function representing total production costs. 
The level of all activities for a specific soil group multiplied by 
the unit of land input, which is one acre, cannot exceed the acres 
in that land restraint. When this has been done for each soil group, 
it satisfies equation (2.2) which prevents the land capacity from 
being exceeded. The level of each activity producing a specific com­
modity, multiplied by the corresponding Y, the per acre output, and 
summed for all activities producing the same commodity must be equal 
to the demand for that commodity. This must be done for each of the 
nine commodity groups and will then satisfy equations (2.3)and (2.4). 
Equation (2.3) required that all demands be fulfilled and (2.4) prevents 
negative production activities. 
The results that will be presented consist mainly of cost items. 
Emphasis will be on the total production cost, average and marginal 
costs for selected commodities, and potential cost savings for specific 
land resource designations. Presentation of cropping patterns will be 
limited to total acreage needed to produce the various product require­
ments with some land resource area designations. A detailed description 
of the cropping pattern by soil groups and land resource areas will not 
be presented. This study was not intended to develop a detailed crop­
ping pattern that would be expected to exist for the 1975 time period. 
The absence of transport costs, the relatively large acreages of soil 
groups, and the lack of restraints on institutional factors affecting 
rates of change over time precludes using the solution results as a 
prediction of a detailed cropping pattern. 
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The specific level of product requirements and the units as used 
for the computative process are shown in Table 13. These requirements 
remain unchanged for all the resource development alternatives. It 
was mentioned previously that fruits, nuts, and vegetables were ex­
cluded from the system of analysis with a compensating acreage deduction 
from the land resource base. The grazing requirement represents only 
that portion of the total grazing to be produced from cultivated crop­
land . 
The acreage required to produce the product requirements and the 
shadow price, or marginal unit cost, for the optimal solution without 
resource development is shown in Table 14. The total acreage required 
to meet all commodity requirements represents only about 60 percent of 
Table 13. Projected requirements for commodities included in the 
computational process, Texas, 1975 
Commodity Units Requirement 
(000) 
Cotton Pounds 2,630,000 
Wheat Bushels 54,000 
Oil crops Pounds 405,000 
Rice Hundred-weight 14,862 
Feed grains CWT feed units 190,320 
Hay CWT feed units 19,440 
Silage CWT feed units 25,260 
Grazing CWT feed units 70,900 
Other nonfeed 
crops Weighted value of production 72,491 
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Table 14. Programmed acreages and marginal unit cost of production, 
without resource development, by commodity groups, Texas, 
1975 
Commodity 
Acreage required 
Nonirrigated Irrigated 
Marginal unit 
cost 
Cotton 
Wheat 
Oil crops 
Rice 
Other nonfeed 
Feed grains— 
Hay 
Silage 
Grazing 
Total 
1,000 acres 
1,598.4 
4,483.4  
899.5 
4,095.7 
391.5 
425.3 
4,186.6 
16,080.4 
1,00,0 acres 
3,081.5 
140.6 
337.0 
1,735.4 
5,294.5 
Dollars 
0.1889 
.7465 
.0295 
2.1528 
.4756 
.8605 
1.4695 
.8771 
.3404 
the total cropland available. This indicates that resource develop­
ment is not necessary in order to meet the 1975 projected requirements 
for agricultural output from Texas and therefore, economic efficiency 
gains will represent the only justification. This also tends to support 
programs designed to retire poor quality land from cultivated crop 
enterprises into grazing land and other less intensive uses. An analy­
sis for a time period beyond 1975 might reveal that the current re­
source base would be inadequate to meet agricultural output require­
ments . 
The marginal unit cost figures shown in Table 14 are of relatively 
minor significance when the output of each commodity is a fixed quan­
tity. The more significant items in terms of appraising resource 
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development alternatives are total production cost for all commodities 
and average unit cost of production for those commodities affected by 
the resource development alternatives. The total production cost 
computed for the base situation was 859,660,559 dollars. This is the 
base figure from which potential benefits of resource development 
situations are measured. The average cost of production for selected 
commodities will give some indication where the cost savings occur. 
The average cost of production was calculated for cotton and feed 
grains since they are involved in all resource development situations. 
It was also calculated for wheat because of the large acreage required 
and importance of wheat as a cash crop. For the base situation the 
average cost of production was 18.87 cents per pound for cotton; 88.0 
cents per cwt. feed unit for feed grain; and 64.36 cents per bushel for 
wheat. 
Comparing these average unit costs with the marginal unit costs 
in Table 14 reveals that the average unit cost of production for feed 
grains is greater than the marginal unit cost of production. This 
seeming inconsistency is a result of the method used in handling the 
irrigated land base, previously discussed. There were some irrigated 
activities producing feed grain which were forced into the optimal 
solution because of the opportunity cost imposed on the idle irrigated 
land base. Since this condition is also imposed on the resource de­
velopment situations, the relative change in average unit cost of pro­
duction for the different situations would not be affected, but could 
shift between commodities produced on irrigated land. 
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The demand for agricultural products for this study was assumed 
to be exogenously determined, as was mentioned previously. Conse­
quently, only the one set of output requirements was developed. It 
seemed desirable to examine the capacity and efficiency of the region 
to produce in excess of this derived set of requirements. The pro­
gramming system used for this study contains a parametric routine which 
permits the values of specified parameters to be changed in a given 
ratio and compute new optimal solutions. The parameters which can be 
changed are the values in the objective function or values in the 
restraint vector. This is an efficient method, in terms of computa­
tional time, to derive solutions to a number of problems using the 
same technical coefficients. 
The parametric routine was used in this study to change the values 
of the nine product requirements. Solutions were obtained for a set 
of product requirements increased by 10 percent and then by 25 percent 
of the original values. The change in marginal unit cost of production 
is an indicator of the efficiency of the region to increase output. 
The marginal unit costs of the original requirements and the two levels 
of increase are shown in Table 15. It can be observed from these fig­
ures that the 10 percent increase had little effect on the marginal 
unit costs. The marginal cost of producing wheat increased a little 
less than two cents per bushel. The rest of the commodities were un­
changed. This indicates that the region has sufficient capacity to 
increase output by 10 percent without lowering the economic efficiency 
significantly. The 25 percent increase in output for all commodities 
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Table 15. Programmed marginal unit costs of production for three 
of demand, by commodities , Texas, 1975 
Demand levels 
Commodity 
Original 
; Increase ; 
: 1D% : 
Increase 
2592 
Dollars Dollars Dollars 
Cotton .1889 .1889 .1930 
Wheat .7455 .7533 .7817 
Oil crops .0295 .0295 .0305 
Rice 2.1528 2.1528 2.1528 
Other nonfeed .4755 .4756 .4756 
Feed grains .8605 .8605 .9146 
Hay 1.4695 1.4695 1.4896 
Silage .8771 .8771 .9004 
Grazing .3404 .3404 .3454 
resulted in an increase in most marginal costs over the original re­
quirements. None of the increases in marginal costs were as great 
as 10 percent and most were less than five percent change. Again 
this indicates sufficient capacity without great loss of economic 
efficiency for the region. This comparison of course implicitly 
assumes the increase in output with all other factors remaining con­
stant. If the increase in output resulted in some change in factor 
price relationships, the efficiency pattern might be much different. 
Drainage Development 
The potential drainage development was evaluated without develop­
ment costs included in the first solution. The results from this 
solution provide a measure of the potential gross savings per acre 
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for the acreage responding to drainage. In the absence of project 
plans from which the cost of the drainage would be calculated, the 
potential gross savings would provide an indication of the location 
and scale of efficient projects. The availability of such informa­
tion would contribute to more effective and efficient project planning. 
The development of project plans for the areas indicating gross bene­
fits would provide the necessary project cost data for a final solution 
measuring net benefits. 
A symbolic illustration of the programming tableau for the poten­
tial drainage development is shown in Table 16. The activities con­
cerned with potential drainage development are added to the activities 
included in the without development matrix, which was illustrated in 
Table 12. Thus the production from potential drainage development is 
competing with all of the without development activities to fulfill 
the final bill of goods for agricultural output. This means that a 
substitution of a drainage activity for a without development activity 
must take place if any of the potential drainage activities are to 
appear in the optimal solution. 
The two rows of cost coefficients shown in Table 16 represent the 
production cost without drainage cost, designated as , and the added 
cost of the drainage development, designated as . This permits one 
solution without drainage costs and then by using parametric program­
ming, to vary the value of the cost parameter, add the development 
costs (Cg) to the production costs (C^) for an optimal solution in­
cluding estimated development costs. 
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Table 16. Tabular illustration of model for optimal production with 
potential drainage development - identity matrix omitted 
Activities Restraints 
c C C C, Cn Cn • C, C-, Cost^ 1 1 1 1 1 1 1 
Co Co Co Co . C^ Co - Cost„ 2 2 2 2 2 2 2 
Demand 
Y Y Y Y Y * Y 
= 
cotton 
z: wheat 
oil crops 
= 
rice 
= 
other nonfeed 
Y Y Y = feed grains 
hay 
= 
silage 
-Y -Y = grazing 
Land units 
1 1 1 
< 1 
1 < 2 
1 1 1 n 
Drainage units 
1 1 < 1 
1 1 < 2 
< 
1 1 < n. d 
The drainage activities also compete with the no development 
activities for some of the same soil groups. This is indicated by the 
activities in Table 16 which have a 1 in the land unit restraints as 
well as a 1 in the drainage unit restraints. The activities which do 
not require an acre of an existing land unit use acreage converted from 
a permanent grazing category to a cultivated crop activity. Hence, 
91 
the -Y coefficient contained is these activities to account for the 
loss of grazing. This takes account of the opportunity cost of grazing 
foregone which was discussed in greater detail in the preceding chapter. 
The output coefficients for the drainage activities, the Y's, were 
available only for cotton and feed grain production. This also was 
discussed in the previous chapter. 
The total production cost was reduced by about ten million dollars 
when the drainage development was considered without development costs. 
This gross cost saving has little significance since development costs 
must be incurred to realize any cost saving. The shadow price of the 
resource units under assumed drainage conditions provide the indication 
of economically efficient drainage projects. These figures represent 
the additional cost saving that could be achieved if another unit (acre) 
of the resource unit were available. To state it another way, they 
represent the maximum per acre development cost that would permit the 
activities to remain in the optimal solution. These shadow prices and 
the acreage available are shown in Table 17. A striking contrast can 
be observed between the acreages in the optimal solution and the poten­
tial acreages shown in Table 6. Only about one-fourth of the potential 
drainage would result in a production cost reduction, even with no 
drainage cost considered. The main explanation for this is the fixed 
production requirements and the comprehensive consideration of produc­
tion alternatives incorporated into this system of analysis. Addi­
tional information supporting this will be presented later. 
The project planner could use the gross marginal cost savings 
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Table 17. Programmed acreage utilized and marginal per acre cost 
savings for drainage development, without development costs 
by evaluation land units, Texas, 1975 
Type of drainage 
EvsluQtion 
land units On farm Group Major outlet 
1,000 Dollars 1,000 Dollars 1,000 Dollars 
acres per acre acres per acre acres per acre 
Rio Grande Plain 
Cropland B .2 4.59 —  — —  31 .2  4.59 
C 3.9 5.92 —  — —  592.7 5.92 
Pasture""— 18.1 22.20 —  —  —  —  —  —  156.3 22.20 
Blackland Prairies 
Cropland B 5.7 3 .96  2.6 3.96 3.6 3.96 
c  37.8 11.29 17.7 11.29 24.0 11.29 
Pasture 37.7 2.07 4.2 2.07 5.7 2.07 
19.7 .47 3.8 .47 5.2 .47 
Coast Prairie 
Cropland C——— ——— 216.5 1.68 141.7 1.68 271.2 1.68 
East Texas Timberlands 
Cropland C 5.2 11.62 4.0 11.62 11.9 11.62 
Total 344.9 174.0 — 1 ,101.8 
type data presented in Table 17 as a guide for the consideration of 
specific resource units in the plan formulation process. Much of the 
drainage potential has been eliminated from further considerations. 
Some of the remaining acreages with a low cost saving could also be 
eliminated without further analysis. Available drainage cost data of 
a general nature might indicate a minimum annual per acre cost of two 
dollars for on farm drainage with additional costs of one dollar for 
group drainage and two dollars for major outlet works of improvement. 
Under such an assumed example the major outlet drainage for the Rio 
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Grande Plain cropland, all Blackland Prairies except soil group C, 
and Coast Prairie as shown in Table 17 would appear uneconomical. 
Caution should be used, however, in eliminating items on this basis. 
The removal of only one alternative could shift the relative effi­
ciency of those remaining such that a resource unit that previously 
appeared uneconomical might become profitable. 
The completion of project plans would provide the drainage cost 
data to be used in determining an overall optimal plan of development. 
Project plans were not available for this study, but estimated drainage 
costs were developed based on existing drainage projects in Texas. 
These data were incorporated into the minimum cost model and an optimal 
level of drainage development was determined. 
The programmed utilization of the drainage potential with develop-
ment costs are shown in Table 18. Comparing these acreages with those 
shown in Table 17, it is apparent that most of the group and major 
outlet type drainage is not economical. The total acreage of drainage 
development in this optimal solution is a small portion of the total 
drainage potential available. The marginal cost savings shown in 
Table 18 range from a high of over 21 dollars per acre for pasture 
in the Rio Grande Plain to a low of zero for the Coast Prairie resource 
area. These figures represent additional reductions to the total 
production cost which could be realized if one additional acre could 
be drained. The relatively high return for drainage development on 
land currently used as grazing land is not an unexpected result. The 
shift to a more intensive use as cultivated cropland after drainage 
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Table 18. Programmed acreage utilized and marginal cost savings per 
acre For drainage development, with development costs, by 
evaluation land units, Texas, 1975 
: Type of drainage 
R e s o u r c e  _  ^ ^ — ;  
drainage units ] On farm ] Group | Major outlet 
:1,000 Dollars 1,000 Dollars 1,000 Dollars 
;acres per acre acres per acre acres per acre 
Rip Grande Plain : 
Cropland B : .2 3.48 ——— 
C——— ———; 3.9 4.77 
Pasture : 18.1 21.12 — — 156.3 15.33 
Blackland Prairies : 
Cropland B : 5.7 1.88 2.5 .56 
C : 37.8 9.21 17.7 7.99 24.0 2.85 
Coast Prairie : 
Cropland C————————— — :164.8 0 —— ——— 
East Texas Timberlands : 
Cropland C : 5.2 10.06 4.0 8.90 11.9 5.63 
Total— ——•235.7 24.3 —— 192.2 ——— 
development accounts for the economic efficiencies indicated. It is 
somewhat surprising that drainage development on grazing land in other 
resource areas was not an economical practice. Frequently, land that 
is too wet for cultivated cropping is utilized as grazing land and will 
generally show a significant response to drainage development and the 
associated intensification of land use. However, because this system 
of analysis used considers the drainage development in competition 
with all other production possibilities and the upper bound limitation 
on total output, the grazing land in the other land resource regions 
did not appear in the optimal solution. 
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Table 19 shows the programmed results of the drainage development 
in meeting the product requirements for the State of Texas. The 
figures in this table can be compared with the figures shown in Table 
14, to evaluate the effect of drainage development over the pre-develop-
ment bench mark situation. It can be noted that slightly less total 
cropland acres are required to meet the product requirements with 
drainage development incorporated into the system. The irrigated 
acreage is the same under both sets of conditions, however, an internal 
shift between commodities took place. The irrigated acreage for cotton 
decreased slightly under the drainage development situation, while the 
irrigated acreage of feed grains increased by a compensating amount. 
A comparison of the marginal unit cost of production figures reveal 
that cotton decreased slightly, as did the marginal cost for feed grain 
production. The marginal unit cost for the rest of the commodities 
remained unchanged, which is to be expected since production increases 
resulting from drainage development were estimated only for cotton and 
feed grains. 
The total production cost for meeting the product requirements 
with drainage development was programmed as 855,709,036 dollars. This 
is a reduction in total cost of almost four million dollars over the 
pre-development bench mark situation. This represents the computed 
net total benefits for drainage development using the estimated project 
costs. The average cost of production for cotton, feed grain, and wheat 
was computed as 18.66 cents per pound for cotton, 88.43 cents per hun­
dred weight feed unit for feed grain, and 64.36 cents per bushel for 
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Table 19. Programmed acreages and marginal unit cost of production, 
with drainage development, by commodity groups, Texas, 1975 
Commodity 
Acreage required 
Nonirrigated Irrigated 
Marginal unit 
cost 
Cotton 
Wheat 
Oil crops 
Rice 
Other nonfeed-
Feed grains— 
Hay 
Silage 
Grazing 
Total-
1,000 acres 
2 ,038 .2  
4 ,483 .4  
899.5 
3 ,347 .5  
391.5 
425 .3  
4 ,331 .4  
15,916.7 
1,000 acres 
2,709.0 
140.6 
337 .0  
2,107.9 
5,294.5 
Dollars 
0.1878 
.7465 
.0293 
2.1528 
.4756 
.8465 
1.4695 
.8771 
.3404 
wheat. For cotton this represents a slight decrease in average cost 
of production from the pre-deuelopment base situation, and for wheat 
it represents no change. For feed grains, however, it represents a 
slight increase in the average cost of production. This increase can 
be explained by the shift in irrigated acreage from cotton to feed 
grain production. 
No interrelationship between the types of drainage or the drainage 
on different soil groups within the same resource area was built into 
the system of analysis. The physical possibility of the drainage 
potential may not actually exist in this manner. For example, in the 
programmed optimal solution of the drainage development all of the 
cropland potential in the Blackland Prairie resource area was in the 
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optimal solution, except for major outlet drainage on the B soil group. 
The physical conditions might be such that the installation of a major 
outlet system to provide drainage for the 24,000 acres of the C soil 
group would also provide the major outlet for the 3,600 acres in the 
B soil group. If this were in fact the case, then the marginal cost 
of providing the major outlet drainage for those 3,600 acres would be 
zero. Furthermore, the total cost of providing the major outlet drain­
age for the Blackland Prairie resource area would not have been incor­
porated into the system of analysis. 
A close measure of this added cost can be approximated, utilizing 
the data presented in Table 20. The computed opportunity cost figures 
shown in that table represent the additional cost of forcing one acre 
of a specific drainage activity into the solution. Hence, for the B 
soil group of the Blackland Prairie resource area, it would cost $4.48 
to force in one acre of the major outlet drainage. It would cost at 
least that much per acre to force in all of the 3,600 acres. It could 
cost more, but this would be a very close approximation to the actual 
cost. The cost figures shown in Table 20 for the group or major outlet 
drainage must be added to the cost figures shown under the on farm 
drainage to arrive at the true added cost of forcing one acre of either 
of those activities into the solution. This is necessary because of 
the method used in handling the group and major outlet drainage activi­
ties by the use of transfer activities. 
The impact of the minimum cost model used for this study in the 
evaluation of resource development potentials, as opposed to nonmodel 
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Table 20. Unused drainage potential and computed opportunity costs, 
by evaluation land units, Texas, 1975 
Evaluation 
land units 
Type of drainage 
On farm Group Major outlet 
Rio Grande Plain 
Cropland B 
Blackland Prairies 
Cropland B—————— 
Pasture 
Woodland 
Coast Prairie 
Cropland B 
C 
Pasture 
Woodland————————————— 
East Texas Timberlands 
Cropland B"— 
D 
Pasture 
Woodland 
Bottomland 
Cropland B 
C 
Pasture 
Woodland 
Total-
1,000 Dollars 1,000 Dollars 1,000 Dollars 
acres per acre acres per acre acres per acre 
B B IB «W — — — » 31.2 1.31 
— 592.7 .02 
3.6 4.48 
37.7 .01 4.2 1.22 5.7 6.36 
19.7 1.60 3.8 2.82 5.2 7.96 
460 .3  8.62 301.2 1.29 576.4 3.02 
51.B 0 141.7 1.29 271.2 3.02 
452.7 8.26 294.1 1.29 562.8 3.02 
115.B 2.04 66.7 3.33 128.0 5.06 
7.4 7.48 5.7 1.16 16.8 4 .43  
2.8 9.31 2.1 1.16 6.3 4.43 
16.1 11.05 14.5 1.16 43 .2  4.43 
177.3 2.35 81.5 3.51 241.2 6.76 
7.5 10.08 6.5 1.36 6.0 2.49 
142.4 9.83 123.6 1.36 113.9 2.49 
71.1 16.91 76.2 1.36 70.3 2.49 
144.7 2.25 114.9 3.61 105.9 4.74 
1,707.3 1, 236.7 2, 780.4 — — — 
type evaluations, can best be appraised by a direct comparison between 
results of the two methods. The ability of the programming model to 
simultaneously consider a large number of production alternatives and 
the imposition of the over-all demand level are considerations which 
are difficult to impose on a nonmodel type evaluation. In order to 
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illustrate the divergence which might occur, a traditional nonmodel 
type evaluation was constructed for the drainage potential involving 
only the cropland drainage. The benefits were measured in terms of cost 
saving to make them comparable to the measures of benefit from the model. 
The results of the model were used to determine for each drainage unit 
which of the two possible crop activities, cotton or grain sorghums, 
would result in a greater cost reduction. 
Table 21 shows yields and unit costs of production for the with 
and without drainage conditions. The yields, of course, increase after 
drainage development and the unit cost of production is lower for most 
of the drainage situations. Only the major outlet drainage for the C 
soil group in the Rio Grande Plain resource area, the B soil group in 
the Blackland Prairie resource area, the B soil group in the Coast 
Prairie resource group, and the B soil group in the East Texas Timber-
land resource area show an increase in unit cost of production over the 
without drainage conditions. A potential cost saving exists for all 
the remaining drainage development situations. The total cost saving 
for each of the resource drainage units can be calculated by multiply­
ing the decrease in unit cost of production times the yield after 
drainage which would give the cost saving per acre; and this figure 
in turn multiplied by the potential available acreage would give the 
total cost saving for each or the drainage units. The decrease in the 
unit cost of production and the total cost saving is shown in Table 22. 
The total benefits of the potential drainage as calculated by 
this nonmodel approach are in excess of 10.5 million dollars, measured 
Table 21. Yields and unit cost of production without and with drainage development, by land 
resource areas and resource units, Texas, 1975 
Resource drainage 
units Crop 
Output per acre Unit cost • of production 
Without 
drainage 
: Without 
: drainage 
Without : 
drainage; 
Type of drainage 
On farm ; Group tWa.ior outlet 
ClAlt . Cwt. Dollars Dollars Dollars Dollars 
Rio Grande Plain 
B Feed grains 22.7 30.7 .90 .73 .89 
C II  II  24.5 32.5 .84 .70 — — — .85 
Blackland Prairies 
— — — — — — —  
II  II  22.9 31.5 .95 .79 .83 .99 
C Cotton 3.22 4.88 19.99 16.89 17.14 18,20 
Coast Prairie 
B Feed grains 22.8  26.3 1.26 1.17 1.22 1.28 
Cotton 4.14 5.21 20.73 18.78 19.03 19.36 
East Texas Timberlands 
B Cotton 2.88 3.81 21.78 20.75 21.05 21.91 
C II  4.55 6.08 19.30 17.13 17.32 17.86 
D- Feed grains 19.0 27.5 1.53 1.19 1.23 1.35 
Bottomland 
8 t l  II  27.5 35.9 1.38 1.13 1.17 1.20 
c II  II  34 .6  43.2  1.11 .95 .98 1.01 
Table 22. Potential unit cost of production decrease and total cost savings from drainage 
development, by land resource areas and resource units, Texas, 1975 
Resource drainage 
units 
Type of drainage 
On farm Group Major outlet 
Unit cost;Total cost:Unit costrTotal cost; 
decrease ; saving tdecrease ; saving i 
Unit cost: 
decrease : 
Total cost 
saving 
Rio Grande Plain 
Blackland Prairies 
B 
Coast Prairie 
B 
East Texas Timberland 
B 
C 
D 
Bottomland 
B 
C 
Feed grains 
Cotton 
Feed grains 
Cotton 
Feed grains 
Dollars 
.17 
.14 
. 16  
3.10 
.09 
1.95 
1.03 
2.17 
.34 
.25 
.15 
Total-
1,000 
Dollars 
1 . 0  
17.7 
28.7 
571.8 
1,089.5 
2.200.5 
29.0 
68.6 
2 6 . 2  
67.3 
984.3 
5.084.6 
Dollars 
.12 
2.85 
.04 
1.70 
.73 
1.98 
.30 
. 2 1  
.13 
1,000 
Dollars 
2.5 
17.7 
301.2 
141.7 
5.7 
4.0 
2.1 
6.5 
123.5 
2,652.4 
Dollars 
. 01  
1.79 
1.44 
. 18  
.18  
. 1 0  
1 ,000  
Dollars 
9.6 
209.6 
1.37 1,935.7 
104.2 
31.2 
38.8 
492.0 
2 , 8 2 1 . 1  
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in terms of total cost savings. This is compared to the approximately 
four million dollar reduction in total production cost from the pro­
grammed solution for drainage development. This difference of more 
than six million dollars can be attributed to no consideration con­
cerning the over-all demand level and no consideration given to the 
substitution possibility of other production alternatives. The out­
put of feed grains would increase by more than six million hundred­
weight feed units and the output of cotton would increase by 85 million 
pounds if drainage where installed to realize the cost savings shown 
in Table 22. 
A comparison of the unit cost of production shown in Table 21 
with the marginal cost of production for cotton and feed grains shown 
in Table 19 reveals that many of these resource drainage units are a 
higher cost production possibility than other alternatives. For those 
resource drainage units used in calculating the total cost saving in 
Table 22, the following have a higher unit cost of production than the 
programmed marginal costs: Rio Grande Plain B, major outlet drainage 
for feed grains; all of the Coast Prairie units except C, on farm 
drainage for cotton which is equal to the programmed marginal cost for 
cotton; East Texas Timberlands B, all types of drainage for cotton and 
D, all types of drainage for feed grains; and all types of drainage 
of the Bottomlands for feed grain. This pinpoints the source of error 
which is inherent in most nonmodel type of analyses. It is generally 
an error of omission rather than intent because the alternative pro­
duction possibilities are not examined. Therein rests the power and 
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usefulness of a model using linear programming to analyze such problems. 
Irrigation Development 
The programming matrix for consideration of potential irrigation 
development requires only the estimated cost of the development and 
transfer activities. This is illustrated in Table 23, where the irri­
gation transfer activities are attached to the matrix of the without 
development activities. The irrigation activities include the develop­
ment cost, C, a transfer into an existing irrigated land restraint, 
indicated by a -1; a withdrawal from an existing nonirrigated land 
restraint; and a withdrawal from a new irrigation land restraint. Each 
irrigation development activity must contain these four elements. Al­
though the irrigation development was programmed without and with 
estimated development costs, only one cost element is shown for each 
irrigation activity. This is done because there is no cost associated 
with the activities when development costs are omitted. 
The competitive aspects, of the potential irrigation development 
activities, to the no development production activities and the neces­
sary substitution, if the potential development is to be realized, can 
be seen from the illustration in Table 23. The transfer activity per­
mitting the potential development acreage to increase the total avail­
ability of an existing irrigation land restraint, in effect permits 
the development acreage to compete with all other production alterna­
tives for all commodities. If the development activity does in fact 
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Table 23. Tabular illustration of model for optimal production with 
potential irrigation development - identity matrix omitted 
Activities Restraints 
Cost 
Demand 
cotton 
wheat 
oil crops 
rice 
other nonfeed 
feed grains 
hay 
silage 
grazing 
< 
< 
Land units 
1 
2 
< 
•c 
Irrigation units 
1 
2 
enter the optimal basis, a substitution of a possible nonirrigated 
activity for the irrigated activity must take place, because of the 
withdrawal of a unit (one acre) from an existing nonirrigated land 
restraint. 
The potential irrigation development was handled in the same 
manner as the drainage development. It was programmed without 
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development costs and with development costs. The solution results 
of the utilization of the irrigation potential without development 
costs is shown in Table 24. All of the potential irrigation develop­
ment is in the programmed solution and the marginal cost savings per 
acre range from a high of #6.42 to a low of only $.88. These marginal 
cost savings could then be compared with project development costs on 
an average annual per acre basis to determine the economic desirability 
of potential project development. 
The programmed solution, with estimated development costs gener­
ated for this study included, resulted in none of the potential irri­
gation development being used. This is not surprising since a special 
method was necessary to insure utilization of a significant portion 
of the currently available irrigated acreage in the programmed pre-
development situation. l\lo such special method was used in handling 
the potential irrigation development and, therefore, no allowance was 
made for a benefit associated with a reduction in risk and uncertainty. 
This may appear to be somewhat in conflict with the method of handling 
the irrigated acreage available under the without development conditions. 
The assumption behind that methodology, however, was that the capital 
investments in the irrigation systems had already been incurred. The 
consideration of the potential irrigation development is a situation 
where capital investment has not been made in the irrigation system. 
If some benefits were claimed for the reduction of risk and uncertainty 
and placed in the system of analysis, then some irrigation development 
would appear economically desirable. 
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Table 24. Programmed acreages and marginal cost savings per acre 
for irrigation development, without development costs, 
by land resource areas, Texas, 1975 
Predevelopment land use 
Land resource 
area Cropland 1 Pasture ] Woodland 
1,000 Dollars 1,000 Dollars 1,000 Dollars 
acres per acre acres per acre acres per acre 
Rio Grande Plain 214.8 6.42 560.1 5.04 6 . 2  1.07 
Rolling Plains, East- 13.6 6.19 15.0 5.66 1.1 .88 
Bottomland 259.7 3.53 172.9 2.94 153.6 1.15 
Total 488.1 748.0 160.9 — 
Flood Control Development 
The symbolic illustration of the potential flood protection de­
velopment in Table 25 is similar to the illustration for potential 
drainage development, differing only in the type of development units. 
The two cost elements are present to permit a solution without develop­
ment costs and a solution with estimated development costs. The yield 
coefficients, the Y's, were estimated only for cotton and feed grains 
under assumed flood protection conditions. Some of the development 
units are from existing land units in the no development matrix and 
those activities require a withdrawal from both land units and flood 
units as shown in Table 25. Other development units are from existing 
permanent grazing land which require the negative coefficients, -Y's, 
to account for grazing foregone. The same competitive aspects and 
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Table 25. Tabular illustration of model for optimal production with 
potential flood protection development - identity matrix 
omitted 
Activities Restraints 
C . C 
'2 ^2 ^2 '2 
Cost^ 
Cost, 
-Y -Y 
Demand 
cotton 
wheat 
oil crops 
rice 
other nonfeed 
feed grains 
hay 
silage 
grazing 
1 < 
< 
Land units 
1 
2 
n 
1 1 
< 
< 
< 
Flood units 
1 
2 
substitution requirements exist for the flood control as was previ­
ously discussed for drainage and irrigation development. 
The potential flood control development was also programmed with­
out development costs and with development costs. The solution results 
for the optimal level of flood control development without development 
costs is shown in Table 26. The marginal costs savings per acre run 
Table 26. Programmed acreages and marginal cost savings per acre for flood control development, 
without development costs, by resource development units, Texas, 1975 
Land resource area A 
Soil groups 
B H 
Grand Prairie 
Rio Grande Plain 
Rolling Plains, East 
North Central Prairie 
West Cross Timbers 
Blackland Prairies 
East Texas Timberland 
Total 
1,000 Dollars 
acres per acre 
18.5 10.00 
15.3 
4.3 
10.3 
20.6 
8.7 
77.8 
2.72 
5.74 
10.13 
13.84 
13.29 
1,000 Dollars 
acres per acre 
23.1 
23.1 
4.99 
1,000 Dollars 
acres per acre 
8.4 5.20 
24.1 
38.9 
1.3 
7.4 
61.7 
3.4 
145.2 
4 .22  
4.92 
6.73 
5.18 
8.52 
12.79 
1,000 Dollars 
acres per acre 
7.0 . 46 
7.0 
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from a high of $13.84 to a low of $.46. None of the potential pasture 
or woodland flood control appeared in the programmed solution even with­
out development costs. A significant portion of the potential cropland 
flood protection also did not appear in the optimal solution without 
development costs. The explanation for this is that these were high 
cost producing activities and even with the increased output from flood 
protection they still remain high cost activities relative to alterna­
tive production possibilities. 
Table 27 shows the programmed results for flood protection with 
development costs. A further reduction in the utilization of the poten­
tial acreage for flood protection can be observed. Only 123,000 acres 
of the potential 512,000 acres of cropland were utilized. The programmed 
total cropland acreage and marginal unit costs of production with the 
flood control development is shown in Table 28. There is no change in 
Table 27. Programmed acreages and marginal cost saving per acre for 
flood control development, with development costs, by re­
source development units, Texas, 1975 
Land resource area Soil groups 
A B 
1,000 Dollars 1,000 Dollars 
acres per acre acres per acre 
Grand Prairie 18.6 2.20 — — — — — — 
West Cross Timbers 10.3 2.33 — — — — 
Blackland Prairies 20.6 6.04 61.7 .72 
East Texas Timberland— 8.7 5.49 3.4 4.99 
Total 58.2 — 65.1 
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Table 28. Programmed acreages and marginal unit cost of production, 
with flood control development, by commodity groups, Texas, 
1975 
Commodity 
Acreage required : 
Unit cost Nonirriqated Irriqated : 
1,000 acres 1,000 acres Dollars 
Cotton 1,690.8 3,012.1 .1889 
Wheat 4,483.4 .7465 
Oil crops 140.6 .0295 
Rice 337.0 2.1528 
Other nonfeed 899.5 . 4756 
Feed grains 3,956.6 1,804.8 .8605 
Hay 391.5 — — — 1.4695 
Silage 425.3 — .8771 
Grazing 4,186.6 .3404 
Total 15,033.7 5,294.5 — 
the marginal unit cost of production for any of the commodities from 
the predevelopment values. There are only minor differences between 
the acreage devoted to the production of cotton and feed grains. For 
all commodities slightly less total acreage is required to meet the 
output requirements with flood control development than with the pre­
development situation. The irrigated acreage, however, is identical 
to the predevelopment acreage. The total production cost for meeting 
the output requirements of flood control development is 859,362,240 
dollars. This is a decrease of 298,319 dollars over the predevelop­
ment situation. This is a relatively insignificant reduction compared 
to the four million dollar cost saving associated with drainage de­
velopment. It should be noted again, however, that flood control 
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development involves only the potential flood protection in the up­
stream and tributary basins. Potential flood protection on mainstem 
and major river basins could add significantly to the potential cost 
saving from flood hazard reduction. 
The relatively small reduction in total production cost would 
be expected to be accompanied by a slight reduction in average cost 
of production for the three commodities examined. The average unit 
cost of production for cotton under flood control development is 18.85 
cents per pound as compared to 18.87 cents per pound in the predevelop-
ment situation. There is no change in the average unit cost of pro­
duction for feed grain or wheat over the predevelopment cost. 
The potential flood control development, like the potential 
drainage development, may not occur in physical units to permit the 
realization of the programmed acreages. The unused potential flood 
control development acreages and the computed opportunity costs for 
the cropland portion only is shown in Table 29. The use of these 
opportunity costs, which represent the increase in total production 
cost if one acre of the specific resource development unit were forced 
into the solution, would provide an approximation of the added cost 
if a specific project plan included that particular reousrce develop­
ment unit. Again, as was stated with the drainage results, these per 
acre costs might increase as more acreage was forced into the solution. 
Consequently, the additional cost calculated from the opportunity costs 
might tend to understate the actual costs. 
Table 29. Unused flood control potential and computed opportunity costs, for cropland,by 
resource development units, Texas, 1975 
Soil oroup 
Land resource area 
A B t C : D H 
1,000 Dollars 1,000 Dollars 1,000 Dollars 1,000 Dollars 1,000 Dollars 
acres per acre acres per acre acres per acre acres per acre acres per acre 
Grande Prairie 8.4 2.60 6.8 10.62 
Rio Grande Plain 24.1 3.58 10.3 8.83 
Rolling Plains, East 15.3 5.08 7.0 13.17 38.9 2.88 1.4 8.14 7.0 7.34 
North Central Prairie 4.3 2.06 1.3 1.07 .4 12.29 2.8 10.16 
West Cross Timbers 7.4 2.62 6.6 11.60 16.9 14.09 
Blackland Prairies — 23.1 2.81 151.7 10.97 
East Texas Timberland 6.0 17.44 1.3 15.51 47.7 24.62 
Total 19.5 36.1 80.1 9.7 243.2 
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Land Use Conversion 
Land use conversion is not a resource development potential in 
the same sense that irrigation, drainage, and flood protection are 
resource development potentials. There are two significant differences. 
First, irrigation, drainage, and flood protection are all concerned 
with water and related land resource development, while land use con­
version is concerned only with land resource development. Second, the 
irrigation, drainage, and flood protection used in this study is a 
project type development, while the land use conversion is an individual 
entrepreneur type development. Nevertheless, an evaluation of the water 
and related land resource development potentials would be remiss if it 
did not consider the alternative of land resource development in the 
form of land use conversion. One of the guidelines that was set forth 
in the previous chapter on the economic framework is concerned with the 
alternative production possibilities which might substitute for water 
resource development. Land use conversion, or intensification of land 
use, is an important alternative possibility. 
The programming model for evaluation of potential land use conver­
sion is similar to the irrigation development model. Each conversion 
activity, as illustrated in Table 30, consists of a conversion cost 
element; a negative coefficient for feed units of grazing foregone; a 
transfer of acres into an existing land unit restraint; and a withdrawal 
of acres from a conversion unit restraint. Thus, the conversion activi­
ties compete with the no development activities for output of any of 
the commodities, as does the irrigation development activities. The 
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Table 30. Tabular illustration of model for optimal production with 
potential land use conversion - identity matrix omitted 
Activities Restraints 
c C C C C . C = Cost 
Demand 
Y Y Y 
= 
cotton 
= 
wheat 
= 
oil crops 
= 
rice 
= other nonfeed 
= feed grains 
= hay 
= 
silage 
-Y -Y 
• 
-Y grazing 
Land units 
1 -1 < 1 
1 -1 < 2 
1 
• 
-1 < n 
Conversion unit; 
1 < 1 
1 < 2 
< 
1 < n 
c 
conversion activities do not require a withdrawal of acres from an 
existing production, which is unique among the four development al­
ternatives. 
The land use conversion was not programmed with and without de­
velopment costs as were the irrigation, drainage, and flood protection 
development, since this is not a project type development. Budgets 
were prepared on the cost of converting the different types of uses to 
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cultivated cropland. The costs included in the budgets were the capital 
investment required for fencing, soil conservation measures, and land 
clearing costs where necessary. The capital investment per acre was 
converted to an annual equivalent cost by using a 4 percent interest 
rate and an amortization period of 50 years. The costs so derived are 
the costs imposed on the transfer activities used for the land conver­
sion. The method of accounting for the loss in feed units of grazing 
was previously discussed. 
The programmed results for the acreage utilized and the marginal 
cost saving per acre for land use conversion is shown in Table 31. The 
total acreage utilized is of course a very small portion of the total 
available apreage. It is not unexpected that only about one million 
acres out of a total available of more than 42 million acres was pro­
grammed as economically efficient to convert to cropland. The soils of 
lower productivity are generally left in the permanent grazing category 
or some other such use. None of the potential woodland land use was in 
the programmed solution because of the extra cost of land clearing in­
volved. 
The acreage utilized for each commodity and the marginal unit cost 
of production as programmed for the land use conversion is shown in 
Table 32. The irrigated acreage used remains unchanged from the pre-
development situation. The nonirrigated acreage, however, shows a signi­
ficant reduction from the predevelopment situation. The acreage re­
quired to meet the production requirements for wheat is more than 600,000 
less with the land use conversion than with the predevelopment situation. 
Table 31. Programmed acreages and marginal cost saving per acre for land use conversion, by 
evaluation land units and maor land use, Texas, 1975 
• 
Maior land use 
• pen Brushy : Tame pasture ranqe ; ranqe 
1,000 Dollars 1,000 Dollars 1,000 Dollars 
acres per acre acres per acre acres per acre 
High Plains 
B 465.7 .02 
Rolling Plains, East 
A 24.6 3.82 142.0 3.31 
B 56.8 .08 
North Central Prairie 
A 60.8 2.55 145.0 2.50 5.4 1.43 
West Cross Timbers 
A 4.5 2.82 3.7 2.71 6.0 .95 
Blackland Prairies 
A 5.0 2.31 4.2 2.25 
Central Basin 
A .8 .98 9.0 .72 
Bottomlands 
A 1.8 3.53 6.3 3.70 2.0 0 
C 44.9 2.86 7.0 3.30 
Total 664.9 317.2 13.4 
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Table 32. Programmed acreages and marginal unit cost of production, 
with land use conversion, by commodity groups, Texas, 1975 
: Acreaoe required : Marginal 
Commodity —: :—f—r——= :—, 
: IMonirriqated ; Irrigated ; unit cost 
: 1,000 acres 1,000 acres Dollars 
Cotton 1,621.8 3,070.6 .1889 
Wheat : 3,708.3 — .7303 
Oil crops : 140.6 .0295 
Rice ; 337.0 2.1528 
Other nonfeed ; 983.4 .4756 
Feed grains : 4,073.8 1,746.3 .8605 
Hay : 392.7 — 1.4351 
Silage : 425.3 — .8771 
Grazing : 4,284.3 .2899 
Total : 15,489.6 5,294.5 
Other commodities show slight variations in increase required with the 
other nonfeed requiring slightly more acreage, as does the grazing cate­
gory. The total nonirrigated acreage required to meet the commodities re­
quirements is approximately 600,000 acres less with land use conversion 
than with the predeuelopment condition. A comparison of the marginal 
costs in Table 32 compared with the predevelopment figures reveal some 
changes. The marginal unit costs of production for wheat, hay, and 
grazing show reductions over the predevelopment costs. The rest of 
the commodities remain unchanged. 
The total production cost for the programmed solution with land 
use conversion is 857,955,199 dollars. This is a decrease of 1,705,360 
dollars from the predevelopment production cost. The average production 
cost for cotton and feed grain did not change over the predevelopment 
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costs. The average production cost for wheat, however, was reduced 
from 64.36 cents per bushel to 59.35 cents per bushel by inclusion of 
the land use conversion. In terms of potential benefits through cost 
saving, land use conversion ranks considerably above flood control de­
velopment but only about one-half as much cost saving as the potential 
drainage development. 
Optimum Mix of Development Potentials 
The analysis presented thus far in this report has dealt with the 
resource development potentials in a singular fashion, although the 
substitution effect of all the other production possibilities was taken 
into account by the linear programming system. The possible substitu­
tion effect of one type of resource development for another type of re­
source development was not included in the programmed optimal solutions 
presented thus far. The programmed benefits for each of the resource 
development situations cannot be considered additive and further analy­
sis is necessary to determine the optimal mix and level of the resource 
development potentials in aggregate. 
The programming model to determine the optimal mix and level of all 
potential development is essentially just a merging of the models to 
evaluate the component parts. Starting with the matrix of activities 
for the without development production possibilities, illustrated in 
Table 12, and attaching the matrices of the four potential development 
situations, with minor modifications, will result in the model used for 
considering all development possibilities. This is symbolically 
119 
illustrated in Table 33. In this table the activities have been grouped 
into A, B, C, D, and E activities to denote without, drainage, irriga­
tion, flood control, and land use conversion developments, respectively. 
The significant difference between the composite model as illustrated 
in Table 33 and the component part models illustrated in Tables 12, 15, 
23, 25, and 30 involves the drainage and flood control activities that 
require some land use conversion. Since the composite model includes 
land use conversion as a development possibility, some competition for 
identical acres had to be built into the system. This is symbolized by 
the elements in the drainage and flood control activities indicating a 
withdrawal from the conversion units, denoted in Table 33 by the a's. 
These are not indicated by a one because the drainage unit requiring 
conversion from permanent grazing may consist of portions of two or 
more grazing units. Hence, these withdrawal elements are less than one. 
The same elements of competition and substitution between the de­
velopment activities and without development activities exist for the 
composite model as existed for the component part models. In addition 
to this competition between the four development activities exists in 
the composite model for the fulfillment of the commodity demands. 
The results of the programming run set up to permit all of the 
resource development potentials to compete simultaneously, are presented 
in Tables 34, 35, and 36. Table 34 shows the programmed acreages and 
marginal unit cost saving per acre for drainage development under this 
situation. Only minor changes are evident in comparing these figures 
with those presented in Table 18, which was the programmed results for 
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Table 33. Tabular illustration of model for optimal mix and level 
of all potential development - identity matrix omitted 
Activities Restraints 
: C ; D : E 
C C C C . C C . C C C C . C C . C  =  C o s t  
Demand 
Y Y . Y Y = cotton 
Y .Y Y . Y = feed grains 
Y -Y -Y . -Y . -Y = grazing 
Land units 
1 1  - 1 . 1 1  - 1  < 1  
1 . . ^ 2 
-1 
1  . 1 - 1  
< 
- n 
Drainage units 
< 1 
^ 2 
' % 
Irrigation units 
3 1 
^ 2 
< 
— . 
n. 
1 
Flood units 
1 1  ^ 1  
1  " = 2  
^ . 
1 ^ n^ 
Conversion units 
a a 1 S 1 
a a 2 
a a « - . 
a a 1 n 
c 
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Table 34. Programmed acreage and marginal per acre cost savings for 
potential drainage development, all development considered, 
Texas, 1975 
Drainage units Type oF drainage 
On farm Group ; Major outlet 
Rio Grande Plain 
Pasture 
Blackland Prairies 
Pasture 
Coast Prairie 
C 
East Texas Timberland 
Total 
1,000 Dollars 1,000 Dollars 1,000 Dollars 
acres per acre acres per acre acres per acre 
. 2  
3.9 
18.1 
5.7 
37.8 
37.7 
39.3 
5.2 
147.9 
3.48 
4.77 —— 
21.60 —— 
1 . 8 8  2 . 6  
9.21 17.7 
. 40 
D 
10.06 4.0 
24 .3  
—— 156.3 
. 66 
7.99 24.0 
1.90 11.9 
192.2 
16 .81  
2.85 
5.63 
drainage development alone. There is one resource drainage unit which 
did not appear in the drainage only solution. That is 37,700 acres of 
pasture in the Blackland Prairies resource area, with a marginal unit 
cost saving of 40 cents per acre. Also, the acreage utilized for the 
C soil group in the Coast Prairie resource area was reduced from 164,800 
acres to 39,300 acres. The marginal unit cost savings for the rest of 
the resource drainage units are almost identical to the drainage only 
solution. The irrigation development did not enter the optimal solu­
tion, which is consistent with the irrigation development only solution. 
Table 35 presents the programmed acreages and marginal cost saving 
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Table 35, Programmed acreage and marginal per acre cost savings for 
potential flood control development, all development 
considered, Texas, 1975 
Soil group 
Land resource area 
A : C 
1,000 Dollars 1,000 Dollars 
acres per acre acres per acre 
Grand Prairie 18.6 
o
 
t—
1 (N 
West Cross Timbers 10.3 2 .21  
Blackland Prairies 20.6 
CD CO Ul 
61.7 . 24  
East Texas Timberlands 8.7 4.85 3.4 4.35 
Total 58.2 65.1 
per acre for flood control development. There is no change between 
these acreages and the flood control only solution, however, there are 
slight changes in the marginal cost saving figures. The marginal cost 
savings per acre are all slightly lower in the all development situa­
tion as opposed to the flood control only. 
The programmed acreages for land use conversion for the all de­
velopment situation show only two changes from the land use conversion 
only considerations. One new unit appears in the solution, the open 
range in the High Plains land resource area soil group C, at a level 
of 153,700 acres. The tame pasture in the Bottomlands land resource 
area soil group A, which appeared in the land use conversion only situ­
ation at a level of 2,000 acres does not appear in this solution. The 
resulting net change is an increase in acreage utilized of 161,700 
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Table 36. Programmed acreage and marginal per acre cost savings for 
land use conversion, all development considered, Texas, 
1975 
Maior land use 
Evaluation land unit 
Open : T ame pasture range ; Brushy range 
1,000 Dollars 1,000 Dollars 1,000 Dollars 
acres per acre acres per acre acres per acre 
High Plains 
B 465.7 .28 — — — — — — — — — —  — —  
C 163.7 0 —  —  —  — — — —  —  —  
Rolling Plains, East 
24.6 3.80 142.0 3.28 — — — — — — 
56.8 .05 
North Central Prairie 
A 60.8 2.50 145.0 2 .46  5.4 1.30 
West Cross Timbers 
A 4.5 2 .44  3.7 2.35 6.0 .45 
Blackland Prairies 
A 5.0 1.85 4.2 1.82 —  —  —  — — — 
Central Basin 
A .8 1.34 9.0 1.09 — — —  
Blackland Prairies 
A 1.8 3.46 6.3 3.66 — 
C 44.9 2.79 7.0 2 .99  — 
Total 828.6 317.2 11.4 
acres compared to the land use only results. These figures are shown 
in Table 35, along with the marginal per acre cost savings for the land 
use conversion. Only minor changes occurred in these marginal cost 
savings with the majority of them being slightly less for the pro­
grammed optimal development as compared to the land use conversion only 
results. There are three conversion units which show a slight increase 
in marginal cost savings. They are B soil group for open range con­
version in the High Plains; A soil group for open range conversion in 
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the Central Basin; and A soil group for brushy range conversion in the 
Central Basin. 
The total acreage of nonirrigated and irrigated land for each com­
modity, programmed without resource development and with the optimal 
mix of potential resource development is shown in Table 37. Comparing 
these figures with the predevelopment results, as well as the individual 
resource development results, it can be noted that the total irrigated 
acreage remained unchanged under all conditions. Within this total 
irrigated acreage there were some shifts between irrigated cotton and 
irrigated feed grains for the different resource development problems. 
The results of the programmed optimal development compared with the pre­
development results reveal a shift of about 400,000 acres from irrigated 
cotton to irrigated feed grain production. The total nonirrigated crop­
land specified is about 700,000 acres less than the predevelopment re­
sults. Most of this shift is accounted for by the decrease in acreage 
required to meet the wheat production requirements for the optimal 
development. 
The marginal unit costs and average unit costs of production for 
the programmed predevelopment and optimal development results, for all 
commodities, are shown in Table 38 to facilitate a comparison between 
the two programmed results. Only three commodities, rice, other non-
feed, and silage, show no change in the marginal unit costs over the 
predevelopment figures. The rest of the commodities show some reduction 
in marginal unit cost of production over the predevelopment results. 
However, as was indicated previously, the marginal unit costs of 
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Table 37. Programmed acreages without resource development and with 
optimal resource development, by commodity groups, Texas, 
1975 
Without development ; Optimal development 
C u 11H11 w LI J. Ly 
IMonirriqated: Irrigated ; Nonirriqated: Irrigated 
1,000 1,000 1,000 1,000 
acres acres acres acres 
Cotton 1,598.4 3,081.5 2,056.2 2,699.8 
Wheat 4,483.4 — — — 3,712.8 — 
Oil crops — — — 140.6 140.6 
Rice — — — 337.0 — — — 337.0 
Other nonfeed 899.5 — — — 959.5 — 
Feed grains 4,095.7 1,735.4 3,328.9 2,117.1 
Hay 391.5 — — — 392.7 — — — 
Silage 425.3 425.3 
Grazing 4,186.6 4,476.4 
Total 16,080.4 5,294.5 15,361.8 5,294.5 
Table 38. Programmed marginal unit costs and average unit costs of 
production without resource development and with optimal 
resource development, by commodity groups, Texas, 1975 
Commodity 
Cotton 
Wheat 
Oil crops 
Rice 
Other nonfeed 
Feed grains— 
Hay 
Silage 
Grazing 
Total cost of 
production-
Without development 
Marginal : Average 
cost : cost 
Dollars Dollars 
0.1889 0.1887 
.7465 . 6436 
.0295 .0306 
2.1528 2.2886 
.4756 .4732 
.8605 .8800 
1.4695 1.4125 
.8771 .8771 
.3404 . 2424  
$859,660,559 
Optimal development 
Marginal : Average 
cost : cost 
Dollars Dollars 
0.1878 0.1864 
.7306 .5937 
.0293 .0306 
2.1528 2.2886 
.4756 .4730 
.8465 .8845 
1.4351 1.4134 
.8711 .8711 
.3062 .2473 
#853 ,648 ,420  
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production do not permit a determination of the potential benefits. 
These are the shadow price outputs of the linear programming system 
and represent the amount that the total production cost would be in­
creased if one more unit of that particular commodity was required to 
be produced. 
The average unit costs of production give a better indication of 
where the cost saving has occurred. The predevelopment average unit 
costs and the optimal resource development average unit costs are shown 
in Table 38. The average unit cost of production for cotton is 18.64 
cents per pound compared to 18.87 cents per pound for the predevelop­
ment cost. This difference accounts for a significant part of the tote.' 
production cost reduction because of the relatively large production re­
quirement for cotton. For wheat, the average unit cost of production 
decreased from 64.36 cents per bushel to 59.37 cents per bushel for the 
optimal resource development results. This also accounts for a signi­
ficant portion of the reduction in total production cost. The average 
unit costs of production for the rest of the commodities show little 
change between the two programmed results. Some of them show an in­
crease, such as the feed grains which increased from 88.0 cents per 
hundredweight for the predevelopment results to 88.45 cents for the 
optimal resource development results. This increase in the average 
unit cost of production for feed grains, despite the decrease in mar­
ginal unit cost of production, can be explained by the shift of irri­
gated acreage from cotton to feed grains and the extra cost of forcing 
irrigated soil groups to be utilized. 
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The total production cost for the two programmed-situations are 
shown in Table 38. The total production cost programmed for the optimal 
resource development is $853,648,420 compared to the predevelopment re­
sults of 1859,660,559. This is a decrease in total cost of $6,012,139. 
Thus, the computed benefits for the optimal mix and level of resource 
development potentials is more than six million dollars. An interesting 
comparison can be made between this total potential benefit and a sum­
mation of the potential benefits from the programmed results of the 
component parts of the resource development potentials. This reveals 
that the programmed cost saving for the optimal situation is actually 
56,937 greater than a summation of the programmed cost savings for the 
individual resource potentials. 
It was stated previously that the cost savings of the individual 
resource development potentials could not be considered additive. There 
could be circumstances where a technical complementarity exists which 
would precipitate an economic complementarity. For example, in the 
case of drainage and flood control, a particular tract of land might 
be responsive to flood protection, resulting in an increase in output. 
This same tract of land, after flood protection has been provided, 
might exhibit a further production response to drainage treatment, 
which would not have been feasible without the flood protection. How­
ever, the basic data collected and used for this study had no such re­
lationship included. Under these conditions it would be expected that 
competition would exist between drainage, flood control, and land use 
conversion to the extent that an optimal mix of these development 
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potentials would result in less total benefits than a summation of the 
individual optimal solutions. 
The large number of activities existing in the programming model 
and the interrelationship of the activities, which is inherent in a 
linear programming problem, result in a difficult task to determine where 
the complementarity exists. However, an explanation can be developed 
with evidence to support it. 
The level of drainage development in the optimal solution for all 
resource development, included 212,100 acres that was used as pasture 
prior to the drainage development. It was explained in a previous 
section how the loss in feed units of grazing was handled. Briefly, 
it was through the use of negative transfer activities into the crop­
land grazing restraint. This had the effect of requiring the cropland 
grazing to produce additional output equal to the feed units lost from 
the pasture land that was drained and then used as a cultivated crop. 
The land use conversion alternatives were a shift from a pasture 
or permanent grazing land category into a cultivated cropping practice. 
The cultivated cropland resulting from this shift could be utilized 
for a cropland grazing alternative, and in fact some of it was in the 
optimal solution. This means that additional feed units of grazing 
were less costly after land use conversion, as evidenced by the decrease 
in the marginal unit cost. The marginal unit cost of grazing was 28.99 
cents per hundredweight feed unit for the land use conversion only re­
sults as compared with 34.04 cents for the predevelopment results. 
This decrease in cost of feed units from grazing would also apply to 
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the extra production necessary to replace the feed units of grazing 
lost from the drainage of pasture and shift to cultivated crops. The 
programmed solution for only the drainage development did not have this 
added cost saving of a lower marginal cost for grazing feed units from 
cropland grazing. Therefore, the inclusion of land use conversion in 
conjunction with drainage would result in a complementary relationship 
that would lead to greater total benefits than the sum of the two in­
dependently. 
Further evidence to support this explanation is the 37,700 acres 
increase in drainage of pasture in the optimal mix of development solu­
tion over the drainage only solution. Also, the acreage of land use 
conversion was 161,700 acres greater when programmed with all develop­
ment potentials than with land use conversion only. If no competing 
relationships are present to offset this complementary relationship, 
then the total benefits should be greater in combination. 
CONCLUSIONS, IMPLICATIONS, AND RECOMMENDATIONS 
This study was conducted as an exploratory analysis to develop a 
conditional-normative model for the economic evaluation of agricultural 
water and land resource development potentials. The term conditional 
normative is used in this report to portray the imposition of restraint 
technical coefficients, and other considerations not based completely 
on economic efficiency considerations. A limited number of such condi­
tions were imposed on this study, but future studies requiring a more 
predictive application, with respect to such items as cropping patterns 
could use the same methodology with more conditions imposed. This is 
to contrast with a purely normative approach where economic efficiency 
criterion operates within only physical restraints. 
The conclusions presented in this chapter will be related to the 
objectives of the study as set forth in the introductory chapter. Im­
plications of the possible impact of optimal resource development on 
agriculture will be discussed. The recommendations for future research 
will include suggestions concerning other comprehensive studies for 
the economic evaluation of resource development potentials and for 
project evaluation studies carried out subsequent to a comprehensive 
study. 
Conclusions 
The results of the analysis presented in the preceding chapter 
contain evidence that the region studied, the State of Texas, has ample 
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productive capacity to meet the output requirements for agricultural 
commodities by 1975 without additional resource development. The out­
put requirements for the agricultural commodities were satisfied in the 
programmed solution with about 40 percent of the currently available 
cultivated cropland not utilized for cropping activities. Two addi­
tional programming solutions with the output requirement increased by 
10 percent and then 25 percent for each commodity, furnished further 
evidence of the production capability for meeting an increased level 
of output. The 10 percent increase was programmed with a minor increase 
in the marginal unit cost of production for only one of nine commodity 
groups. The marginal unit cost of production increased for all but two 
commodities in meeting the 25 percent increase in output requirement. 
Although there is evidence of sufficient productive capacity to meet 
production requirements increased by 25 percent, the increase in mar­
ginal unit costs of production indicate some loss in economic efficiency. 
These results were obtained without consideration of potential resource 
development. Hence, the conclusion is that the region has sufficient 
productive capacity to meet the 1975 projected agricultural production 
requirements as estimated for this study without requiring further 
water or land resource development. Therefore, justification for re­
source development must rely on economic efficiency gains in the form 
of a decrease in cost of production. 
The potential drainage development was programmed as providing the 
greatest reduction in total production cost of all resource development 
potentials. The potential benefit (cost reduction) was about four 
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million dollars despite utilization of only a small portion of the 
potential drainage development. For the acreage in the optimal pro­
grammed solution this represented an average net benefit of $8.74 per 
acre. Since the drainage costs were estimates from existing drainage 
developments rather than specific plans for the potential acreage desig­
nated, the results can only be taken as indicators pending establishment 
of development costs. The opportunity costs for the drainage elements 
not in the optimal solution indicate that a reduction in drainage cost 
of only five cents per acre would permit more than 500,000 additional 
drainage acres to be utilized. Thus, the region exhibits a capacity to 
accommodate drainage development and realize significant benefits. 
The comparison of a nonmodel type evaluation of drainage benefits 
to the programmed benefits could result in a conclusion that much public 
investment in such resource development is not economically justified. 
The example presented, with potential benefits more than twofold greater 
than the programmed benefits, may be an oversimplification of actual 
practice. Some considerations are given to alternative production 
possibilities, but not as extensively as with a formal system of analy­
sis. The conclusion could be modulated by stating that in the absence 
of a rigorous system of analysis, the economic benefits from public 
investment in resource development would tend to be overstated. 
The programmed results for the potential irrigation development 
can only result in the conclusion that none of the potential is eco­
nomically justified. If some multiple purpose projects were planned 
that would significantly lower the cost allocation to irrigation use 
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over the estimated costs used in the study, this conclusion might be 
reversed. Single purpose projects for irrigation development from 
surface storage might result in even greater costs than were used in 
this study. 
A small amount of flood protection was economically justified 
from the programmed solution. The potential benefit of $298,319 was 
quite small compared to drainage potential. The average net benefit of 
12.42 per acre for flood protection is also much less than for drainage. 
The estimated development costs for flood protection may represent a 
greater departure from project plan costs than those estimated for 
drainage or irrigation development. However, the opportunity costs for 
the potential acreages not in the optimal solution indicate a reduction 
in cost of more than five dollars per acre would be required to get a 
significant increase in the acreage utilized. Thus, for the potential 
upstream flood protection, only a small portion would be justified 
using an economic efficiency criterion for agricultural output. It 
should be pointed out that the benefit programmed is only for damage 
reduction to crops. Damage reduction to fixed improvements, livestock, 
roads, etc., would be in addition to the benefits computed in this 
study. These additional benefits could significantly increase the capa­
city of the region to accommodate flood protection development. Deter­
mination of these additional benefits would be a part of specific project 
evaluation studies. 
Conversion of grazing land to cultivated cropland was programmed 
as an alternative to water resource development. The computed potential 
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benefits were 1.7 million dollars. The realization of this potential 
would shift about one million acres to cultivated crops for an average 
net benefit of 11.70 per acre. This is a much lower average net benefit 
per acre than for the drainage and flood protection potentials. Yet 
the total programmed benefits represent a significant economic efficiency 
gain. 
The real contribution of each potential development to total econom­
ic efficiency gains cannot be determined from the individual evaluations. 
The simultaneous consideration of all development potentials was pro­
grammed to determine the optimal mix and level for maximum economic ef­
ficiency. In the absence of explicit technical complementarity between 
development components, it would generally be expected that substitution 
effects between the development potentials and competition for the same 
land resource base would result in a decreased usage of the development 
potentials over the aggregation of the individually programmed results. 
The same decrease would be expected in terms of total benefits. The 
programmed results for this study show the opposite effect. The acreage 
of land use conversion increased and drainage decreased slightly, with 
flood protection remaining unchanged. The total benefits for the op­
timal mix and level of the development potentials was greater than the 
sum of the individual optimals. The programmed potential benefit from 
all resource development was $6,012,139. This is $55,937 greater than 
the summation of the individually programmed results. It is concluded 
that an implicit complementary relationship existed between feed units 
of grazing given up by drainage of pasture and utilization as cultivated 
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cropland, and a decrease in the marginal unit cost of producing feed 
units of grazing from the land use conversion alternative. This com­
plementarity resulted in a greater cost saving for the programmed re­
sults with all development alternatives. Thus, the capacity of the 
region to accommodate resource development potentials is enhanced under 
the programmed optimal mix and level of development alternatives. 
The contribution of the methodology developed in the study to sub­
sequent project evaluation studies can only be discussed in a cursory 
manner. A conclusive recommendation could be made only after applica­
tion in an empirical setting. A general study plan for such an applica­
tion will be developed in brief, showing how the results from this study 
could be utilized. 
An assumed problem setting could be the economic evaluation of al­
ternative water resource development projects for the Trinity River 
Basin in Texas. The results of the comprehensive study determining 
the optimal mix and level of resource development potentials for the 
entire region (State of Texas), are to be incorporated into the system 
of analysis for the Trinity Basin projects. Thus, the economic rela­
tionships between the basin and the larger region will be explicit 
within the system of analysis. 
The marginal costs of the commodities, as developed in the regional 
study, can be used as imputed prices of the commodities for the basin 
study. Then a maximum profit programming model could be developed for 
the basin, using these imputed prices for the output and incorporating 
the technical efficiency gains in output resulting from the resource 
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development projects. The associated cost of the projects would be 
added to the normal production costs budgeted for the regional study, 
using the same soil groups and land resource areas. A system of analy­
sis structured in this manner would incorporate economic interrelation­
ships between the basin and the region that would not be possible in 
the absence of a regional study. 
The major economic relationships this method would encompass are 
in terms of total output from the basin as related to the region and 
resource development benefits from the basin as related to potential 
development benefits for the rest of the region. The output dichotomy 
between the basin and the region would, thereby, be handled as a pricing 
problem, but with the prices derived for the region under assumed 
equilibrium conditions and the minimum cost model. Thus, an upper 
bound is implicitly placed on the total output from the basin by the 
marginal cost of producing the output elsewhere in the region. The 
potential resource development in the rest of the region is already 
built into the imputed output prices to be used for the basin study. 
A final consideration is the soil groups used in developing the 
input-output coefficients for both studies which can be disaggregated 
into individual firm resource structures. This would permit an economic 
evaluation of the planned projects with respect to the impact on indi­
vidual firms. This is a necessary item to facilitate an analysis of 
the incidence of benefits and costs such that welfare considerations 
may be adequately reflected in the ultimate project recommendations. 
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Implications of Findings 
The realization of the programmed optimal mix and level of resource 
development, as determined in this study, would have certain impacts 
on the structure and organization of individual farm firms, the agri­
cultural industry, the general economy of the region, and policy formu­
lation. The analysis of the impact on these factors is beyond the scope 
of this study, but some possible implications will be discussed. 
Possible impacts on the individual farm firm will be focused on 
size, labor requirements, capital investment and value of output. An 
increase in average size of farms in the United States for a future 
time period is almost a certainty under any realistic assumptions con­
cerning future economic conditions. An extension of historical trends 
in farm size will result in a continuing increase in average size. The 
study by Saupe (29, p. 163) indicates a 243 percent increase in farm 
size from 1959 to 1980 for the North Central Region of the United States. 
This was estimated under conditions of a market-clearing situation and 
extensification of production such that all available agricultural land 
was utilized with other factor inputs reduced to achieve the desired 
output. Even if significant acreages of land are retired from produc­
tion, an increase in average size of farm would still take place. 
Briefly, other findings by Saupe (29, p. 153) are a 9 percent decrease 
in labor required, 96 percent increase in value of capital, and 248 
percent increase in gross output, all comparing 1959 to 1980. 
The relevant question with respect to achieving the optimal pattern 
of resource development is the impact on these factors as contrasted to 
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a situation with no development occurring. The realization of resource 
development potentials has the effect of increasing output per acre for 
the units affected and also increasing output per unit of other factor 
inputs. This tends toward an increase in total output at a lower per 
unit cost. But the model used for this study did not permit an increase 
in total output leaving the programmed results indicating a lower per 
unit cost and less total cropland acres utilized to achieve the output 
requirements. Thus, it would seem that the tendency would be to dampen 
the increasing average size of farm and capital requirements and a fur­
ther reduction in labor requirement. Also, since total gross output 
cannot increase, the gross output per farm would tend in the same direc­
tion as farm size. 
If, however, it is assumed that extensification in agriculture out­
put will exist as in the Saupe study (29), then the result of increasing 
output per unit of land by resource development must be offset by a de­
crease in factor inputs of production other than land. Further extensi-
fications might tend to increase the average size of farm and corres­
pondingly, the labor and capital requirements per farm. Gross output 
per farm would tend to remain unchanged. However, it seems more likely 
that the result of the same output with less factor inputs of labor and 
capital would again tend to dampen the increase in average farm size. 
Turning to possible impacts on the agricultural industry, the 
realization of resource development potentials resulting in lower per 
unit costs and more output per acre might tend to perpetuate the excess 
capacity that currently exists in agriculture. This could be an added 
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impediment towards achieving industry equilibrium. However, increased 
retirement of cropland from production could leave a net effect to the 
industry of achieving the output requirements at a lower cost. This 
could contribute towards achieving equilibrium conditions within the 
industry, A small increase in utilization of agricultural commodities 
could also accompany the decrease in unit costs. The relatively in­
elastic demand structure for agricultural output would tend to minimize 
any increase use due to a possible price decrease. 
The impacts of resource development on the general economy of the 
region, could be many and diverse. Even restricting it to primary 
benefits from agricultural output, as this study does, many potential 
ramifications exist. In general, any resource development that con­
tributes to a lower unit cost of production will leave the beneficiaries 
with an increase in disposable income. This would tend to promote eco­
nomic growth in the region. Therefore, achievement of an optimal mix 
and level of resource development, in terms of agricultural production 
efficiency, would be an added stimulus to economic growth and development 
of the region. 
Achievement of the optimal resource development pattern requires 
certain conditions which in turn have policy implications. Some of 
these conditions were alluded to in the preceding discussion of impli­
cations for the farm firm. The average farm size and labor and capital 
availability must be in the proper relationship to facilitate achieve­
ment of the potential benefits from resource,development programs. This 
proper relationship can be either fostered or impeded depending on the 
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policy guidelines followed. 
If it is assumed that the average size of farm must increase in 
order to realize the efficiency gains possible from a resource develop­
ment program, a policy should be followed that would promote this. Such 
policy might take the form of assistance to individuals wishing to leave 
the farm industry. This assistance could include retraining and finan­
cial help in relocating. Concurrent with this policy there might be 
need for low interest, long-term capital to assist in firm expansion 
for individuals remaining in agriculture. A policy aimed at eliminating 
existing programs, and preventing future programs, that tend to become 
capitalized into value of the land might contribute towards firm ex­
pansion. In general, policy contributing to mobility and flexibility 
of labor, capital, and economic activity is necessary to facilitate the 
achievement of optimal resource development and use. 
Conditions engendered by resource development policy may either 
facilitate or impede achievement of the optimal development pattern. 
Past programs have not always moved towards an optimal as was evidenced 
by reference to the Missouri Basin Survey Commission findings (25). A 
lack of coordination and lack of economic analysis can do much to impede 
a movement towards an optimal development pattern. The recent policy 
guide for Federal resource planning (34) sets forth much of the neces­
sary considerations to facilitate achievement of economically desirable 
goals. 
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Recommendations for Future Research 
Refinements in both methodology and basic input data are needed to 
improve the application of research findings in future studies. Most 
methodological refinements would entail additional or more detailed 
basic data. Some data improvements would greatly enhance the results 
without any change in method of analysis. 
Foremost among the methodological refinements would be the inclusion 
of economic implications of excess capacity implicit in the unused cul­
tivated cropland. This implies additional information concerning a 
shift to grazing lands and nonagricultural uses such as parks, recrea­
tion enterprises, conservancy programs, and other uses. Ideally, op­
portunity costs associated with the various uses would be imposed on 
the system of analysis. The end result would be a complete utilization 
of the land and water resources for the area, more meaningful than the 
idle land result of this study. The analysis of alternative uses for 
the land and water base to supply these opportunity costs could be a 
major research effort of greater magnitude than the following analysis 
of resource development alternatives. However, useful information and 
relationships, short of a major research effort, could be developed 
and implemented within the system of analysis used for this study. 
The allocation of projected national food and fiber requirements 
to regions on the basis of historical trends and judgment of commodity 
specialists is an area for improvement. A more sophisticated approach 
based on economic efficiency and institutional factors could be imple­
mented. This again would require additional basic data and research 
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efforts. The efficiency aspects would be difficult to handle at the 
same level of detail used in this study if the problem were to encompass 
the entire United States. Short of this, some marginal unit costs of 
production, by commodities, in competing areas could be estimated and 
incorporated as restraints on the system of analysis for resource de­
velopment evaluation. This could involve a variable ratio concept to 
adjust the output restraint as a function of the marginal unit cost of 
production to that in competing regions. Institutional restraints could 
be imposed as maximum or minimum rates of change over time for shifts 
in cropping patterns. These upper and lower bounds, probably on an 
acreage basis, could also be a sliding scale based on relative economic 
efficiencies between regions as measured by marginal unit production 
costs. 
A dynamic analysis, tracing an optimal time path for resource de­
velopment, would greatly enhance the usefulness of future studies. The 
application of recursive programming was mentioned in a previous chapter 
as a useful tool for a dynamic analysis. The application of recursive 
programming for predicting regional crop production was used by Schaller 
and Dean (30). In brief, this method uses programmed results of year 
t-1 to establish restraint levels and technical coefficients for year 
t. An analysis of resource development might use five year intervals 
between time periods instead of year-to-year intervals. Implementation 
of this methodology would not require extensive additional basic data. 
A final methodological refinement to be suggested concerns the farm 
firm considerations. The use of average farm firm coefficients, while 
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probably adequate in terms of physical yield coefficients, tends to 
ignore possible efficiency gains to the individual entrepreneur asso­
ciated with some diversification. Complementarities which may exist 
for seasonable labor of different enterprises and capital requirements 
for equipment are ignored by this approach. Livestock activities could 
be included implicitly or explicitly and some allowance for these rela­
tionships would undoubtedly alter the cropping patterns programmed by 
regions. However, the end result of measuring benefits from alterna­
tive resource development programs might not be significantly altered 
by this refinement. It would be desirable for future studies to examine 
the effect on resource development benefits of such an approach. 
Some suggested refinements which are mostly data oriented include 
greater detail or disaggregation of the land resource base. This might 
result in a more predictive cropping pattern for smaller areas. This 
would, however, rapidly increase the number of equations and production 
possibilities as the number of soil group delineations was increased. 
The size capabilities of computers and linear programming systems would 
have some limitation on this, although the LP-90/'94 linear programming 
system, a successor to the LP-90 system used for this study, has a 
theoretical capability of solving a problem of 90,000 equations. More 
appropriate consideration would be the marginal accuracy achieved for 
the marginal cost of adding additional equations and activities. Fur­
ther research experience in the form of greater disaggregation and de­
tail resulting in more equations and production possibilities should 
be expected to provide some answers to this problem. 
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Calculation and inclusion of transportation costs for commodities 
by regions would be a significant data refinement. This could have an 
effect on cropping patterns programmed and probably to a lesser extent 
on resource development benefits. The determination of transport rates 
can involve a major research effort, but some short cut method of esti­
mating regional differentials could probably provide satisfactory co­
efficients. Existing studies and historical data on regional prices 
received for agricultural commodities might suffice. 
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SUMMARY 
This chapter presents a brief summary of the problem, study ob­
jectives, method of analysis, empirical setting, and results of the 
s tu dy. 
The general problem is a lack of coordination between and among 
Federal agencies, State agencies, and other groups responsible for 
planning and development of water and related land resources. A recent 
policy guide. Senate Document 97 (34), provides for a coordinated and 
comprehensive effort of all Federal agencies involved in water resource 
planning and development. The specific problem is the need for a sys­
tem of economic analysis that will incorporate these policy guides into 
the plan formulation process for resource development. 
The main objective of this study is to develop an economic model 
to be used in evaluating the economic efficiency implications of land 
and water resource use and development for agricultural production. 
Specifically, this study attempts to determine: 
(1) The capacity of a region to meet expected future needs for 
agricultural production with the current level of resource 
development. 
(2) The capacity of the same region to accommodate resource de­
velopment measures, in components of development potentials, 
in achieving the agricultural production needs. 
(3) The optimal mix and level of resource development alternatives 
to meet the agricultural production needs, within a criterion 
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of maximum economic efficiency. 
An adjunct objective is to provide a framework of economic relation­
ships that will permit a more comprehensive evaluation of the economic 
consequences of planned projects in subsequent studies. 
The method of analysis used consists of a restricted geographic 
area for study; agricultural output requirements as a fixed level for 
individual commodities or commodity groups; crop yield and cost coef­
ficients developed by relatively homogeneous soil groupings; and linear 
programming solutions to determine minimum total production cost pat­
terns of resource use and development for a projected target date of 
1975. 
The geographic area selected for this study was the State of Texas. 
A classification system for the land base, with detailed information 
about each class, is necessary to permit an economic evaluation of 
potential development. The classification system must be concerned 
with the physical response, in terms of input-output coefficients, to 
alternative patterns of use and development. Established physiographic 
regions known as "land-resource areas" and a grouping of soils were 
used for this purpose. Land-resource areas are large, broad regions 
that have been delineated to separate the State into areas of similar 
physical features and climatic environment. Within each land-resource 
area, the soil, climate, geology, vegetation, topography, and agricultural 
development are similar or related. Soil units, which are general group­
ings of soils with similar characteristics, were combined into nine soil 
groups for each land-resource area. This grouping was based primarily 
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on use limitations, necessary management practices, and productivity. 
When used with the land-resource areas, the soil group characterize 
the land resources of the State and provide a suitable and relatively 
homogeneous base for an economic evaluation of agricultural output 
potential, 
Projections of crop yields for 1975 were based on a careful con­
sideration of experimental results, emanating from studies by the Texas 
Agricultural Experiment Station. Scientists working with the various 
crops and in the related subject matter fields were consulted. Their 
judgments as to the effects of their research, and of other research 
with which they are familiar were incorporated into the yield projec­
tions. In making these projections, average weather was assumed, as 
were the current price relationships of inputs and outputs. Also under­
lying these projections is the assumption that new technology will be 
adapted at a faster rate than in the past. The resultant projections 
of crop yields and the associated application of fertilizer, represent 
the best estimates of an "average" farm under "average" conditions ex­
pected to prevail by 1975. 
The development of adequate production cost information is equally 
as important for this study as crop yields. The data necessary for the 
^instruction of production cost coefficients are generally more available 
and relevant than yield information data. The general method used was 
to develop a basic budget for each crop by land-resource areas or a 
combination of areas on the basis of close similarity in farming opera­
tions. Cost variations between soil groups consists of differential 
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rates of fertilizer usage and harvesting costs that are directly asso­
ciated with the level of output. All other production costs were 
considered to be identical for all soil groups within a land-resource 
area. Crops produced under both irrigated and nonirrigated conditions 
required a basic budget for each. 
A guiding principle for economic analysis of resource development 
is that the goods or services to be produced have value only to the 
extent that there will be need and demand for the product. The applica­
tion of this principle to a regional study requires consideration of the 
total demand for the products produced in the region and a determination 
of an appropriate share of the total demand for each commodity to be 
produced in the region. 
Projections of national requirements for agricultural production 
are based on a set of assumptions regarding population growth, gross 
national product, personal income, and other factors. Population for 
the United States was estimated to be 226 million by 1975. Gross na­
tional product was estimated to grow at a rate of about four percent per 
year and per capita income about two percent per year in constant dollars. 
Per capita utilization rates of major farm products was estimated 
largely on the basis of growth in per capita income and apparent trends 
in consumer's preference. 
Projections of foreign demand for farm products are based on a set 
of assumptions that include (1) population growth in accordance with 
revised United Nations' projections; (2) absence of major wars; (3) some 
continued improvement in real per capita income; (4) continued expansion 
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in allocation of resources to agricultural production about in line with 
growth except in the Far East; and (5) a continuation of present levels 
of consumption except in areas of lowest per capita income, where some 
improvement in diet may be required to maintain stability. 
Allocating a share of the total projected requirement to be pro­
duced in Texas was based largely on historical relationships from 1940 
to 1959. Commodity specialists in the U.S. Department of Agriculture 
reviewed the historical relationships and projected a percentage of the 
national requirements that Texas could be expected to produce. Con­
siderations were given to possible shifts in production and market 
centers as a result of new technology and corresponding differential 
regional effects on production trends; available land resources in com­
peting areas; and rapid depletion of ground water resources for irriga­
tion in the High Plains of Texas. 
The types of resource development potential considered in this 
study are irrigation, drainage, flood control, and land use conversion. 
The development potentials were estimated in terms of acreages affected, 
crop yields expected, and development costs. The identification of 
the development acreages with the established soil groups and land-
resource areas permits the development to be evaluated by the program­
ming system as alternatives to production possibilities without resource 
development. 
In order to establish a bench mark condition to evaluate the effi­
ciency gains from development potentials and to determine the capacity 
of the region to meet production requirements without resource development. 
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the first programmed solution was to minimize total production costs 
in meeting the projected output requirements without development poten­
tials as alternatives. The resulting programmed total acreage required 
to meet all commodity requirements represents only about 60 percent of 
the total cropland available. Two additional solutions were obtained 
for a set of product requirements increased by 10 percent and then by 
25 percent of the original i/alues. There were sufficient acreages of 
cropland to meet both of these increased output requirements. The 10 
percent increase had little effect on the marginal cost of producing 
any of the commodities. The 25 percent increase resulted in significant 
increases in the marginal cost of producing most commodities. These 
results indicate an adequate productive capacity for Texas to meet the 
expected level of agricultural output for 1975 without further resource 
development; however, this does not consider economic consequences of 
potential development. Economic efficiency gains in the form of re­
duced cost of production from resource development will permit it to 
substitute for other production possibilities. 
The resource development potentials were each programmed individ­
ually and then programmed simultaneously to determine the optimal mix 
and level of the four types. The irrigation development did not enter 
the minimum cost basis when programmed alone nor with all types of de­
velopment competing. The estimated development costs were greater than 
potential benefits as measured by production cost reduction in meeting 
the fixed level of output requirements. 
The programmed results for drainage development considered alone 
151 
indicated a reduction to total cost of almost four million dollars. 
The acreage utilized was a small portion of the total potential drain­
age acreage. Less that 500,000 acres in the programmed optimal solution 
of a total availability of slightly more than six million acres. The 
total cropland required to meet the output requirements uuas slightly 
less with the drainage development considered than in the no develop­
ment, bench mark condition. The opportunity costs computed for the 
drainage units not in the programmed optimal basis reveal that a minor 
reduction in development costs would have permitted an additional util­
ization in excess of 600,000 acres. 
Data for the potential flood control development were available 
only for the upstream and tributary basins. The programmed results for 
flood control considered alone show a cost reduction of about $300,000. 
This is much less than for the drainage results, but it utilized only 
123,000 acres of the potential 512,000 acres available. The total crop­
land acreage utilized in meeting the output requirements is essentially 
unchanged from the bench mark results. The opportunity costs computed 
for the unused flood control potential indicate that a significant re­
duction in development costs would be necessary before additional de­
velopment units would be utilized. 
The potential land use conversion considered all pasture, range, 
and woodland on soils considered suitable for cultivated cropping prac­
tices. This amounted to more than 42 million acres for the State of 
Texas. The programmed solution utilized only about one million acres 
of this potential with a total cost reduction over the bench mark 
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solution of about 1.7 million dollars. 
The final programmed solution evaluates the optimal mix and level 
of all the development potentials. The results indicate a slight re­
duction in the acreage of drainage units utilized, no change in utiliza­
tion of flood control units and an increase of about 150,000 acres of 
land use conversion utilized as compared to the programmed results of 
the individual components. The substitution effect of resource develop­
ment units for the land units as production possibilities results in a 
net decrease of about 700,000 acres of total cultivated cropland needed 
to meet the product requirements. Most commodities show a reduction in 
the marginal unit cost of production under the optimal resource develop­
ment solution. The total cost of production was reduced $6,012,139 
annually from the bench mark cost. This represents efficiency gains 
realized in meeting a fixed level of commodity requirements, under the 
optimal mix and level of resource development. 
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APPENDIX 
Materials presented in the appendix include an outline descrip­
tion of the land-resource areas for Texac and a production cost budget 
and programming coefficient determination for one commodity in one 
land-resource area. The budget and coefficient determination is pre­
sented as an example, since inclusion of these data for all commodities 
and all land-resource areas would have been quite voluminous. These 
basic data are on file with the Economic Research Service, U.S. Depart­
ment of Agriculture. 
Land-Resource Areas 
East Texas Timberlands 
Total area approximately 25,000,000 acres. Gently rolling to hilly, 
thoroughly dissected area, with moderate to rapid surface drainage. 
Annual Rainfall; 30-55 inches. 
Soils ; Uplands - Light-colored, acid, sandy loams and sands. 
Main series: Bowie, Lakeland, Boswell, Susquehanna, Caddo, Ruston, 
Kirvin, Nacogdoches, Magnolia, Lufkin, Tabor. Bottomlands - Light-
brown to dark-gray, acid, sandy loams, clay loams and some clays. 
Main series: Bibb, luka, Ochlockonee, Kaufman (calcarious: 
Trinity). 
Weoetation : Uplands - Loblolly, shoftleaf (some longleaf) pine and 
oak. Bottomlands - Hardwoods with some pine. 
Land Use; Uplands - Timber, pasture, truck crops, corn, cotton. 
159 
hay and forage crops. Bottomlands - Pasture, meadow, timber, corn, 
cotton. 
Coast Marsh 
Total area, approximately 500,000 acres. Low wet marsh or semi-
marsh area, only slightly above sea level, often covered with salt water. 
Annual Rainfall; 50-55 inches. 
Soils : Light and dark-colored, acid sands, sandy loams and clays. 
Main series: Harris, Galveston. 
Vegetation ; Sedges, rushes, salt grasses. 
Land Use; Higher areas - Range, some truck crops. Low Marsh -
Natural habitat for wildlife. 
East Cross Timbers 
Total area, approximately 1,000,000 acres. Gently rolling, moderate­
ly dissected, narrow strip of scrub oak woodlands, with moderate-to-rapid 
surface drainage. 
Annual Rainfall; Approximately 35 inches. 
Soils: Uplands - Light-colored, acid loamy sands and sandy loams. 
Main series; Boswell, Kirvin, Edge, Tabor, Bowie. Bottomlands -
Some narrow areas of Ochlockonee and Gowen—of minor extent. 
Vegetation : Oak and tall bunch grasses. 
Land Use: Pasture, grain sorghum, small grain, truck crops. 
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Grand Prairie 
Total area, anprnvimately 6,500,000 acres. Rolling to hilly, deeply 
dissected (locally very stony) prairies, with rapid surface drainage. 
Annual Rainfall; 30-35 inches. 
Soils : Uplands - Dark-colored, deep-to-shallow and stony, calcereous 
clays over limestone. Main series: San Saba, Denton, Tarrant, 
Crawford. Bottomlands - Reddish-brown to dark-gray, clay loams and 
clays. Main series: Catalpa, Miller, Norwood, Trinity. 
Vegetation : Uplands - Tall bunch grasses, some live oak and cedar 
Bottomlands - Hardwoods. 
Land Use: Uplands - Range, pasture, small grain, grain sorghum, 
corn, cotton. Bottomlands - Grain sorghum, alfalfa, pasture, small 
grain, corn. 
West Cross Timbers 
Total area, approximately 3,000,000 acres. Gently rolling to rolling 
well-dissected, scrub oak woodland area, with rapid surface drainage. 
Coast Prairie 
Total area - Approximately 7,500,000 acres. Nearly level, weakly 
dissected plain, with slow surface drainage. 
Annual Rainfall: 35-55 inches. 
Soils : Uplands - Dark-colored, neutral to slightly acid clay loams 
and clays, with some lighter colored sandy loams (acid soils mostly 
east of Trinity River). Main series: Lake Charles, Beaumont, Edna, 
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Bernard, Hockley, Katy. Bottomlands - Reddish-brown to dark-gray, 
calcareous clay loams and clays. Main series: Miller, Norwood, 
Pledger. 
Vegetation: Uplands - Tall bunch grasses. Bottomlands - Hardwoods. 
Land Use: Uplands - Range, rice, pasture, cotton, grain sorghum, 
corn. Bottomlands - Cotton, alfalfa, grain sorghum, pasture. 
Blackland Prairies 
Total area, approximately 11,500,000 acres. Undulating to gently 
rolling, well-dissected prairies, with rapid surface drainage. 
Annual Rainfall: 30-45 inches. 
Soils ; Uplands - Dark-colored, calcareous clays. Main series: 
Houston Black, Houston, Hunt, Austin, Bell, Lewisville, Some 
grayish-brown, acid sandy loams and clay loams along eastern edge 
of the major prairie and interspersed in the minor prairies ("Cray-
lands"). Main series: Wilson, Crockett, Irving. Bottomlands -
Dark-gray to reddish-brown, calcareous clay loams and clays. Main 
series: Trinity, Catalpa, Miller, Norwood, Pledger. 
Vegetation: Uplands - Tall bunch grasses (some hardwoods in "Cray-
lands"). Bottomlands - Hardwoods. 
Annual Rainfall: 25-32 inches. 
Soils ; Uplands - Light-colored, slightly acid, sandy loams, loamy 
sands and sands. Main series; Windthorst, Nimrod. Stephenville, 
May. Bottomlands - Some narrow areas of Catalpa and Cowen—of 
minor extent. 
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Vegetation : Tall bunch grasses, scrub oak. 
Land Use: Range, pasture, peanuts, truck crops, grain sorghum, 
cotton, fruit. 
North Central Prairies 
Total area, approximately 6,000,000 acres. Undulating prairies, 
with slow-to-rapid surface drainage, interspersed with scrub oak and 
mesquite covered sandstone ridges and hills, with rapid surface drainage. 
Annual Rainfall: 25-30 inches. 
Soils : Uplands - Reddish-brown to grayish-brown, neutral to 
slightly acid, sandy loams and clay loams, with some areas of stony 
soils. Main series: Renfrew, Zaneis, Kirkland, Darnell. 
Bottomlands - Some narrow areas of Catalpa and Gowen—of minor 
extent. 
Vegetation: Tall and short grasses, mesquite and scrub oak. 
Land Use; Range, pasture, small grain, grain sorghum, cotton, 
truck crops. 
Central Basin 
Total area, approximately 2,000,000 acres. Rolling to hilly and 
stony, rapidly drained, scrub oak and brush covered sandstone and 
granitic areas, intermixed with narrow smooth valleys, with moderate-
to-rapid surface drainage. 
Annual Rainfall: 25-30 inches. 
163 
Soils : Uplands - Reddish-brown to brown, neutral to slightly acid 
gravelly and stony sandy loams. Main series; Tishomingo, Peder-
nales, Pontotoc, Harley, Darnell. Bottomlands - Some narrow areas 
of Catalpa—of minor extent. 
Vegetation; Mesquite, live oak, post oak, tall and short grasses. 
Land Use; Range, grain sorghum, small grain. 
Rio Grande Plain 
Total area, approximately 22,000,000 acres. U dulating to rolling, 
moderately dissected, thorny brush covered plain, with slow-to-rapid 
surface drainage. 
Annual Rainfall: 20-35 inches. 
Soils ; Uplands - Dark calcareous to neutral clays and clay loams. 
Main series: Victoria, (Vlonteola, Clareville, Orelia. Reddish-
brown, neutral to slightly acid, sandy loams. Main series; Duval, 
Webb. Grayish-brown, neutral sandy loams and clay loams. Main 
series: Willacy, Hidalgo, Brennan, Miguel, Goliad, Medio (some 
sands, mainly Nueces series). (Some saline soils near coast.) 
Bottomlands - Brown to dark-gray, calcareous clay loams and clays 
Main series; Harlingen, Cameron, Frio, Guadalupe, Leona. (Some 
saline soils. ) 
Vegetation ; Uplands - Thorny shrubs, mesquite, tall and short 
grasses. Bottomlands - Thorny shrubs, mesquite, hardwoods, bunch 
grasses. 
Land Use; Uplands - Range, pasture, cotton, grain sorghum, corn 
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vegetables, corn, grain sorghum, pasture. 
Edwards Plateau 
Total area, approximately 22,000,000 acres. Deeply dissected, 
rapidly drained, limestone plain of flat-to-rolling divides, with hilly 
and broken areas adjacent to narrow stream valleys, with rapid surface 
drainage. 
Annual Rainfall; 15-35 inches. 
Soils ; Uplands - Dark, Calcareous stony clays and some clay loams. 
Main series: Tarrant, l/alera, Tobosa, Ozena, Ector. Bottomlands -
Some narrow areas of Catalpa and Frio—of minor extent. 
Vegetation; Live oak, mesquite, shin oak, cedar, short grasses. 
Land Use; Mostly range; some small grain, grain sorghum, forage 
and hay crops. 
Rolling Plains 
Total area, approximately 24,000,000 acres. Gently sloping plains, 
with moderate-to-rapid surface drainage, forming nearly level divides, 
separated by strongly sloping, deeply entrenched narrow stream valleys, 
with rapid surface drainage. 
Annual Rainfall; 20-25 inches. 
Soils ; Uplands - Dark-brown to reddish-brown, neutral to slightly 
calcareous sandy loams, clay loams, and clays. Main series; 
Abilene, Miles, Foard, Tillman, Roscoe, Vernon, Valera. Bottomlands 
- Some areas of Spur and Miller—of minor extent. 
Vegetation ; Short and bunch grasses, mesquite. 
Land Use; Range, grain sorghum, cotton, small grain. 
High Plains 
Total area, approximately 20,000,000 acres. Nearly level, slightly 
dissected high tableland, with slow-to-moderate surface drainage (many 
small, shallow playas present). 
Annual Rainfall; 15-20 inches. 
Soils ; Uplands - Dark-brown to reddish-brown, neutral sands, sandy 
loams and clay loams (some very shallow calcareous clay loams). 
Main series; Amarillo, Pullman, Portales, Zita, Tivoli, Brownfield, 
lYlansker, Potter. Bottomlands - Some narrow areas of Spur—of minor 
extent. 
Vegetation ; Short grasses. 
Land Use; Cotton, wheat, grain sorghum, pasture, range, vegetables. 
Trans-Pecos 
Total area, approximately 18,000,000 acres. Mountain ranges and 
rough stony areas, with intermixed flat basins and plains, with slow-
to-rapid surface drainage. 
Annual Rainfall; 5-18 inches. 
Soils ; Uplands - Light reddish-brown to brown sands, clay loams 
and clays (mostly calcareous, some saline) and rough stony lands. 
Main series; Reeves, Reagon, Verhalen, Brewster, Ector, Tivoli. 
Bottomlands - Dark grayish-brown to reddish-brown, calcareous clay 
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loams and clays (some saline). Main series: Pecos, Arno, Toyah, 
Gila, Imperial, Pima, Vinton. 
Vegetation : Uplands - Short grasses, desert shrub. Bottomlands -
Bunch grasses, mesquite, desert shrub. 
Land Use: Uplands - Range, cotton, alfalfa, grain sorghum, 
cantaloupes. Bottomland - Cotton, alfalfa, grain sorghum, vege­
tables . 
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Production Cost Budget and Coefficient Determination 
The data in Table 39 represents a typical cultural practice of the 
machine operations for producing cotton under irrigated conditions in 
the Rolling Plains resource area of Texas. The times over figures are 
based on an average of individual operations used by all operating 
units. Thus, a times over of .5, indicates that one-half of the oper­
ating units include this operation in their typical cultural practices. 
This permits the total time requirement and total cost to represent a 
composite-average of all operating units. 
Table 39. Cultural practices, time requirement, and machine cost per 
acre for irrigated cotton production. Rolling Plains resource 
area, Texas 
Operation Machine : Machine 
and T imes ; T ime cost : cost 
equipment over : required per hour : per acre 
No. Hours Dollars Dollars 
Stalk cutter, 2R 1.0 0.17 0.33 0.06 
Tool bar, 10' .5 .50 .48 .24 
Lister, 4R 1.0 .30 . 63 .19 
Ditcher (cult) 1.0 .25 .43 .11 
Cultivate, 4R .4 .10 .43 .04 
Lister-planter, 4R- 1.3 .35 1.15 .40 
Knife (cult), 4R 1.7 .45 .43 .19 
2.3 .60 .43 .26 
Duster, FUI 2.0 .25 1.49 .37 
Sprayer, FW 2.0 .25 2.66 . 66 
Ditcher, (cult) 2.0 .50 .43 .21 
Total — 3.72 2.73 
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Table 40 uses the data from Table 39 to derive equipment cost and 
machine operator cost, and includes the rest of the cultural practices 
and their costs. The hours of labor for machine operator is increased 
by 20 percent over the actual use of machines to account for preliminary 
preparation and movement to fields. The amount of fertilizer applied 
and the harvesting cost are not included in the basic budget since these 
are the variable costs associated with a particular soil group. 
Table 40. Production cost per acre for irrigated cotton, Rolling Plains 
resource area, Texas 
Cost item Units ; Cost 
: per unit 
Amount 
used 
: Total 
: cost 
Equipment : 
machine hrs. — — — 3.72 $2 .73  
power hrs. 1.63 3.72 6.06 
Labor ; 
machine operator hrs. 1.25 4.46 5.58 
manual hrs. .90 8.00 7.20 
Material : 
seed lbs. .115 30. 3.45 
spray gal. 2.30 .25 .58 
dust lbs. .096 20. 1.92 
fertilizer 
nitrogen lbs. .11 a — 
phosphorous lbs. .10 a — 
potash lbs. .05 a 
Irrigation : 
overhead — — — — — — — — — 6.25 
operating 
— 
CD O
 
C
D
 
Contract work 
har vesting lbs. .106 a 
dusting 2.00 
Total 43.77 
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Table 41 shows the final coefficient determination to be used in 
the programming matrix. These are derived from the basic budget cost 
in Table 40 and adding the fertilizer cost and harvesting cost associated 
with the respective fertilizer application and crop yield for each soil 
group. 
Table 41. Programming coefficients per acre for irrigated cotton pro­
duction, by soil groups, Rolling Plains, East resource area, 
Texas 
Soil group I\) 
Fertilizer 
P K : 
Yield [ Total cost 
Lbs. Lbs. Lbs. Lbs. Dollars 
A 60 60 0 624 122.51 
B 60 60 0 480 96.07 
C 80 60 20 672 130.80 
D 100 60 40 624 128.91 
E 80 60 0 432 104.36 
